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ABSTRACT 
This study explored the extent to which advising experiences with faculty, classroom social 
environment, relational-interdependent self-construal, and math and science self-efficacy, both 
individually and in combination, contribute to the prediction of persistence in the physical sciences, 
mathematics, and engineering (PSME). Based on the self-in-relation model of identity development 
and social-cognitive theories, it was hypothesized that 1) women would prefer a more developmental 
style of advising than men; 2) a developmental style of advising, advising contact with faculty, and 
professorial concern would each contribute to the prediction of persistence in PSME majors; and 3) 
the relationships between a) advising experiences and professorial concern and b) math and science 
self-efficacy and persistence in PSME majors would be stronger for women than for men. One 
hundred sixty-eight third, fourth, and fifth-year undergraduate students (representing a 22% response 
rate) were surveyed by mail to explore the above relationships. 
No difference in preferred style of advising was found between female and male students. In 
general, findings from linear and logistic regression procedures failed to support a significant link 
between advising experiences with professors in PSME majors and math and science self-efficacy 
and persistence in those majors. Results did offer support, however, for the importance of some 
relationship factors for persistence in these majors, and suggest that different factors may contribute 
to the prediction of persistence in these disciplines for women versus men. Findings suggest that, 
beyond the contribution of ability, a critical factor in women's persistence in PSME majors may be 
their perceptions of classroom affiliation in their courses, while a critical factor for men may be the 
level of support or encouragement they receive from role models to pursue their major. Suggested 
interventions for increasing rates of persistence in PSME disciplines include increasing students' 
level of career aspirations for these fields, increasing perceived classroom affiliation amongst students 
in these majors, and facilitating encouragement from role models to pursue degrees in these 
disciplines. 
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CHAPTER 1 
INTRODUCTION 
Women have participated in the total U.S. work force and in traditionally male fields at 
increasingly higher rates since the 1940 s. Women currently constitute approximately 46.7% of the 
total U.S. work force (U.S. Department of Labor, 2001); however, they remain underrepresented in 
science and engineering relative to their proportion of the entire U.S. work force (Smith, 2000). 
Whereas women represent nearly half of the labor force, they constitute only about 23% of all 
scientists, mathematicians, and engineers in the United States (Smith, 2000). 
This underrepresentation is also evident in our educational institutions; as educational level 
increases, the proportion of women among the total number of participants in scientific and 
engineering fields decreases (National Science Foundation [NSF], 1999; Smith, 2000) In high 
school, women and men appear equally likely to participate in many mathematical and science 
educational experiences, such as coursework (Hanson, 1996; NSF, 1999). By college, though, 
women earn only about a third of the bachelor's degrees awarded in the physical, mathematical, and 
computer sciences, and just 17% of those in engineering (NSF, 1999). In 1995, women earned about 
17% of the master's degrees and 10% of the doctorates granted in engineering (Olson, 1999). 
Women's low rate of participation in science and engineering training programs as undergraduate and 
graduate students translates into an even lower rate of participation in those careers following college 
(Smith, 2000). 
The low rates of women's participation in science and engineering, both educationally and 
professionally, is costly for society, for women themselves, and for science as a profession. As 
human-resource needs in professional specialty occupations, including the physical and mathematical 
sciences and engineering, increase in the next decade due to a growing demand for high-technology 
goods and services, and as the growth in college student and worker populations decreases, there is 
concern about how our society will provide a sufficient supply of scientists and engineers to meet 
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these increased human-resource needs (Reuss & Vogel, 1989; U.S. Department of Labor, 1999). 
Women incur the cost as well. Not only is their underrepresentation in science and engineering a 
tremendous waste of talent (McLure & Piel, 1978), it also contributes to their concentration in lower-
status and lower-paying occupations with few opportunities for advancement (Hanson, 1996; Lai, 
Yoon, & Carlson, 1999; Mahar, 1993; NSF, 1999). Finally, the continued underrepresentation of 
women in the physical and mathematical sciences and engineering results in a scientific profession 
within those fields predominated by the perspectives and approaches of male scientists, and, in this 
way, lacking in diversity and inclusiveness (Crosbie, 1999; Rosser, 1990). One way to reduce these 
costs to society, women, and the scientific profession would be to attract more young women to and 
retain them in science and engineering careers. 
Women's Versus Men's Career Development 
As women's rate of participation in the labor force has increased over the past several 
decades, increasing attention has been paid to women's career development in the career psychology 
literature (Betz & Fitzgerald, 1987; Fitzgerald, Fassinger, & Betz, 1995). There has been debate as to 
whether different theoretical models are needed to explain women's versus men's career development 
(Fitzgerald et al., 1995; Hackett, 1997; Hackett & Lent, 1992). Some researchers have attempted to 
extend existing career development theories to more adequately incorporate women's behavior, while 
others have focused on developing what Fitzgerald et al. ( 1995) termed "gendered theoretical 
frameworks" (p. 85), theories developed specifically with the purpose of better describing women's 
career development. Ware, Steckler, & Leserman ( 1985) discovered that different factors may shape 
women's versus men's decisions to pursue scientific majors in college. It may also be the case that 
similar factors apply to both women's and men's career development but do so to different extents 
(Bean & Vesper, 1994; Seymour, 1995). 
Lent, Brown, and Hackett (1994; 2000) presented a social cognitive theory of career and 
academic performance that may be applicable to the career development of both women and men. In 
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their model, Lent et al. proposed that person factors such as ability and gender and experiential or 
learning factors may act through self-efficacy beliefs to influence career-related performance. In 
terms of career persistence, while Lent et al's model is quite comprehensive, the authors themselves 
noted that they failed to explicate in detail the nature of relevant experiential factors and that such 
inquiry is needed. A main focus of the current study, then, is to more fully explicate the nature of 
learning experiences that may influence self-efficacy beliefs and persistence in science, math, and 
engineering. 
Barriers to Women's Participation in Nontraditional Fields 
As the literature regarding women's career development has increased, much of this work has 
focused on barriers to women's participation in nontraditional occupations (Betz & Fitzgerald, 1987; 
Fitzgerald et al., 1995; Kahle, 1983, 1985; Lent et al., 2000; McLure & Piel, 1978; Paludi, 1990; 
Robinson & Mcllwee, 1989). Several factors have been identified that may contribute to the 
underrepresentation of women in traditionally male fields. Maty as ( 1985) proposed two groups of 
environmental factors that influence women's attraction to science and scientific careers: 
sociocultural and educational. Sociocultural factors include variables such as occupational sex 
stereotypes and role models; whereas educational factors include variables such as mathematical 
training, class experiences, and extracurricular activities. 
In recent writings from the fields of psychology and women's studies, a call has been issued 
for increased attention to the identification of factors related to women's persistence in science and 
engineering as well as to the examination of the role of environmental or institutional factors in such 
persistence (Betz, 1997; Fitzgerald et al., 1995; Hackett & Lent, 1992). Betz (1997) called for 
increased efforts to identify those factors that may strengthen young women's self-confidence for the 
pursuit of science and engineering as well as factors that will improve the educational climate for 
women. Likewise, in their review of contemporary theory and research on women's career 
development, Hackett and Lent ( 1992) and Fitzgerald et al. ( 1995) concluded that a great deal more 
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attention should be paid to exploring environmental or structural factors that may influence women's 
psychological processes as they relate to career development. Other authors have agreed that more 
research should be aimed at the exploration of those elements of a scientific environment in 
Westernized societies that may disadvantage women in their pursuit of math, science, and engineering 
careers (Becker, 1995; Kaeley, 1995; Rosser, 1990; Willis, 1995). Willis (1995) cautioned against 
pursuing research that focuses solely on identifying individual attributes of women, such as their 
achievements, attitudes, or confidence that may increase their rates of persistence in mathematically 
related occupations, to the exclusion of environmental factors that may play a role in such persistence, 
such as discrimination and the availability of role models. 
Women's Identity Development: The Self-in-Relation Model 
One impact of increased attention to women's career development has been a recognition, or 
perhaps a spotlighting of the idea that personal and career development are closely related (Fitzgerald 
et al., 1995, Hilton, Miller, & Brown, 1991). Recent models of women's career development appear 
to share the idea that personality or other individual factors influence career behavior (Hackett & 
Lent, 1992). In particular, current social cognitive frameworks emphasize that person factors and 
career behavior mutually influence each other (Fitzgerald et al., 1995; Lent et al., 1994). 
Some authors (Belenky, Clinchy, Goldberger, & Tarule, 1986; Cross, Bacon, & Morris, 2000; 
Cross & Madsen, 1997; Gilligan, 1982; Miller, 1991; Surrey, 1991) have asserted that the process by 
which women's sense of self or identity develops differs from that of men's identity development as 
it has been described in the bulk of psychological literature (e.g., Erikson, 1963; Le Vinson, 1978; 
Mahler, 1972). As Miller (1991) explained, the male self or identity has typically been described as 
developing through several sequential stages, each involving a critical separation from other 
individuals, the goal of which is an inner sense of the self as separate from others, or separated 
individuation. Miller and others argued that it is this process of individuation through separation 
prescribed for male identity development in Western societies that is different in kind from the typical 
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process of female identity development that yields an inner sense of self as a "being-in-relation" 
( 1991, p. 21) or self in relationship to others. Alternately, this sense of self as a "being-in-relation" 
has been labeled the relational-interdependent self-construal by Cross and her colleagues (Cross et al., 
2000; Cross & Madsen, 1997; Cross & Vick, in press). 
The self-in-relation model of women's identity development holds as its primary assumption 
that psychological growth occurs by way of emotional connectedness, that aspects of the self develop 
in the context of relationship; as such, there is no drive or motivation to disconnect or separate from 
others (Surrey, 1991). In fact, responsiveness between individuals—attending and responding to the 
other—has been proposed to enhance women's sense of self as well as their personal agency, and 
their agency may be undermined by a lack on connection with others (Gilligan, 1982; Miller, 1991). 
A woman's self-esteem and sense of competence stem from her feelings of connectedness to others, 
which is associated with the responsiveness present in her relationships and extends to the ability to 
act in other realms, such as academic or occupational activities (Surrey, 1991). Thus, as growth 
occurs through responsiveness, women may experience increasing difficulty as they mature and enter 
environments in which competence is measured by self-sufficiency and independent action. In such 
environments, women's sense of agency may be compromised (Surry, 1991). Empowerment used in 
this sense is a power obtained through connection with others rather than by power over others. One 
implication of such a supposition would be that women or those with an interdependent self-construal 
may be uncomfortable in competitive environments which emphasize outperforming or winning over 
others (Cross & Vick, in press; Rosser, 1990), a supposition which has received some empirical 
support (Griffin-Pierson, 1988; Manis, 1989; Stiver, 1991). 
In sum, several propositions have been introduced above: different factors may play key 
roles in women's versus men's career development; personal or identity development and career 
development are likely associated with each other; and women's identity development may differ 
markedly from men's identity development in that women's personal agency is enhanced by 
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connectedness in relationships. Given these propositions, as well as the call for increased efforts at 
identifying environmental factors related to women's persistence in nontraditional fields, it is striking 
that more attention has not been paid in the psychological research literature to the role of relationship 
factors in women's career development. It is particularly striking that more attention has not been 
paid to the role of relationship factors in women's persistence in the physical and mathematical 
sciences and engineering, where women continue to be underrepresented relative to their proportion 
of the entire U.S. work force. 
Role Model Information and Women's Career Development 
Much of the research that has examined the role of relationship factors in women's career 
development in nontraditional fields has focused on the issue of a perceived lack of support for young 
women in scientific and technical fields of study, often conceptualized as a lack of role models or 
support from role models for young women in those fields (Basow & Howe, 1979, 1980; Betz & 
Fitzgerald, 1987; Gilbert, 1985; Hackett, Esposito, & O'Halloran, 1989; Hayden & Holloway, 1985; 
Stake & Noonan, 1985). A number of retrospective studies have indicated that role models play an 
important part in women's career development at the college level and that a lack of role models is a 
major barrier to such development (Basow & Howe, 1979, 1980; Betz & Fitzgerald, 1987; Gilbert, 
1985; Hackett, Esposito, & O'Halloran, 1989; Hayden & Holloway, 1985; Stake & Noonan, 1985). 
Among female college students, the presence of role models is associated with higher levels of 
career-related competency (Gilbert, Gallessich, & Evans, 1983; Stake & Noonan, 1985), interest in 
nontraditional careers (Little & Roach, 1974), nontraditionality of occupational choices (Hackett et 
al., 1989), and persistence in nontraditional majors (Hayden & Holloway, 1985). Most of the studies 
on the relationship between role models and women's career development have focused on the 
influence of college faculty members who serve as role models. It appears that female graduate 
students have perceived the establishment of a student-faculty role-model relationship to be 
particularly important to their professional development (Gilbert, 1985) and that the establishment 
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and quality of faculty-student role model relationships have been associated with gains in career 
confidence and motivation (Stake and Noonan, 1985). 
The above research indicates that the presence of role models, particularly professorial role 
models, is facilitative of several aspects of women's career development at the college level. Little 
research, however, has been aimed at investigation of the influence of specific elements of key 
relationships for women pursuing study in nontraditional fields, such as relationships with faculty 
advisors. The bulk of the research relevant to the exploration of elements of potentially significant 
relationships for young women pursuing study in math, science, and engineering has come from 
investigations conducted in the areas of college advising and student retention. 
Advising and Student Outcomes 
Research conducted in the areas of college advising and student retention has indicated that 
factors associated with advising impact several aspects of career development in college and that 
there are some gender differences in regard to advising preferences at the undergraduate level 
(Alexitch, 1997; Bean & Vesper, 1994; Crockett & Crawford, 1989; Metzner, 1989; Terenzini & 
Pascarella, 1980; Weissberg, Berentsen, Coté, Cravey, & Heath, 1982). Terenzini and Pascarella 
(1980) explored the relationship between the frequency and quality of student-faculty contact and 
students' academic outcomes during the freshman year and found that all student-faculty contact 
variables made significant contributions to the prediction of academic performance (freshman year 
cumulative grade-point average), intellectual development, and personal growth. Moreover, for 
female students, higher frequency of contact with faculty to discuss personal issues was related to 
higher perceived gains in both intellectual and personal development. Similarly, Metzner (1989) 
discovered that perceived quality of advising accounted for a small but significant percentage of the 
variance in student attrition among commuter students. 
Relatedly, Bean and Vesper (1994) found that more factors in the social environment 
influenced satisfaction with being a college student for women than men. Results also indicated that, 
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while the amount and nature of contact with advisors was the same for female and male students, 
contact with advisors contributed significantly to the model predicting female student satisfaction but 
did not contribute significantly to the model predicting male student satisfaction. Crockett and 
Crawford (1989) explored the relationship between several student characteristics, including gender, 
and preferences for advising style. These authors found that, in terms of academic decision-making, 
women had a significantly stronger preference than men for developmental advising, in which 
advising encompasses both personal and academic issues and the advisor collaborates with the 
student while encouraging the student to take the bulk of responsibility for making decisions 
(Crookston, 1972). Using the same continuum, Alexitch (1997) also found that female 
undergraduates more strongly preferred a developmental style of advising than did male 
undergraduates, although women and men did not differ in their actual advising experiences. 
Advising and Women's Persistence in Nontraditional Fields 
While the bulk of research relevant to the exploration of important elements of key 
relationships for women pursuing nontraditional fields of study comes from the general academic 
advising and student retention literature, some authors have considered the issue of advising and 
relationships with faculty specifically as it relates to women's persistence in nontraditional fields 
(Anderson, 1995; Cogdell, 1995; Pope, 1995). Anderson ( 1995) promotes advising that is concerned 
with students as individuals. In a qualitative study involving in-depth, open-ended interviews with 40 
female upperclass engineering undergraduates from seven institutions, Anderson concluded that many 
of the women in her study felt isolated and marginalized in large part due to their perception that 
faculty in their programs had no concern for them on a personal level. 
Findings from other studies also suggest that relationships with faculty play an important role 
in women's experiences in science, math, and engineering majors. Cross (1997) found that students' 
perception of supportive faculty was associated with a positive perception of their academic 
environment and that an environment that encourages student-faculty interaction may ameliorate low 
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self-confidence for students in these fields. Additionally, at the undergraduate level, interaction with 
faculty has been shown to predict persistence in science and math (Stoecker, Pascarella, & Wolfe, 
1988) and academic achievement in engineering (Hackett, Betz, Casas, & Rocha-Singh, 1992), and 
perceived faculty support or encouragement has been shown to predict persistence in engineering 
(Schaefers, Epperson, & Nauta, 1997). 
Elaine Seymour (1992,1995) has devoted much attention to the issue of women's attrition 
from science, math, and engineering (SME). She has focused her work on explaining gender 
differences in attrition rates in these fields at the undergraduate level, exploring what role faculty-
student relationships may play in women's lower persistence rates in SME majors as compared to the 
persistence rates of men. Summarizing her data, Seymour ( 1995) stated that, broadly, male and 
female students appear to approach their college education differently; male students had a more 
instrumental educational focus, whereas female students had a more wholistic educational focus. 
Women were more concerned than men with meshing their educational, career, and personal 
satisfaction in college. Female students were also more concerned with the impersonal environment 
of large classrooms in which they perceived professors as unapproachable. 
Drawing on qualitative data, Seymour made several suppositions regarding how women's 
experiences in SME majors may lead to their attrition in these majors. She suggested that what is 
problematic for women in SME majors is that the SME culture is largely one of impersonal pedagogy 
and that the advising system contributes to a lack of responsiveness to students on the part of faculty 
advisors. She proposed that a lack of personal relationships with faculty may act as an indirect 
influence on attrition for women in SME majors through lowered self-confidence. Faculty 
encouragement has, in fact, been shown to be predictive of academic and occupation self-efficacy for 
science and engineering among undergraduates (Hackett et al., 1992; Schaefers et al., 1997). 
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The Null Educational Environment 
One possible explanation for the high rate of attrition among college women majoring in 
science, math, or engineering, then, is the lack of responsiveness from faculty in those fields (Betz, 
1989; Seymour, 1992, 1995). The lack of responsiveness from faculty is one manifestation of a null 
educational environment. In the absence of other sources of positive support to pursue nontraditional 
careers, the lack of responsiveness from faculty or lack of close relationships with faculty in science, 
math, and engineering (Seymour, 1992, 1995) may be particularly detrimental to women's success in 
those fields because no other compensatory sources of encouragement are provided to them in 
academia (Betz, 1989). As such, the concept of a null educational environment speaks to the 
importance of increasing the sensitivity of faculty members to women's experiences and needs in 
physical science, math, and engineering majors at the undergraduate level (Betz, 1997; Rosser, 1990; 
Willis, 1995). 
Purpose and Hypotheses of the Present Study 
As discussed above, theorists and researchers alike have identified several factors that may 
contribute to the underrepresentation of women in traditionally male fields, all of which merit study. 
One of these factors is the nature of advising relationships with faculty. It is noted here that the 
present study's focus on advising relationships with faculty should not be interpreted as an assertion 
that this factor is of greater importance than other factors proposed to influence women's career 
development. Rather, the present study represented an attempt to add to the current understanding of 
women's career development by examining the role relationships with faculty members may play in 
women's persistence in nontraditional fields of study. 
The purpose of the present study was to explore the extent to which the quality and quantity 
of advising experiences with faculty, classroom social environment, relational interdependent self-
construal, and math and science self-efficacy, both individually and in combination, contribute to the 
prediction of persistence in the physical sciences, math, and engineering. Female and male 
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undergraduate upperclassmen who declared a major in mathematics, engineering, or the physical 
sciences upon enrolling at a large, Midwestern research university responded to questions designed to 
assess the quality of the advising style received from their professors (developmental versus 
prescriptive), the quality and quantity of advising activities in physical science, math, and engineering 
courses, the classroom social environment for their courses in the physical sciences, math, and 
engineering, the degree to which their self-construal is interdependent, and their self-efficacy for 
math-related coursework and scientific and engineering occupations. 
It was predicted that female students would prefer a more developmental style of advising 
than would male students, based on previous evidence that, although they did not differ in their actual 
advising experiences, female undergraduates more strongly preferred a developmental style of 
advising than did male undergraduates (Alexitch, 1997). Additionally, it was predicted that a 
developmental style of advising, advising contact with faculty, and professorial concern would be 
associated with math and science self-efficacy for all students, based on previous research indicating 
that faculty encouragement is associated with academic and occupational self-efficacy for science and 
engineering among undergraduates (Hackett et al., 1992). It was also predicted that a developmental 
style of advising, advising contact with faculty, and professorial concern would be associated with 
persistence in science, math, and engineering for all students. This prediction was based on previous 
research indicating that perceived quality of advising accounts for a small but significant percentage 
of the variance in freshman attrition (Metzner, 1989), that interaction with faculty was associated with 
persistence in science and math (Stoecker, Pascarella, & Wolfe, 1988), and that perceived faculty 
support or encouragement was related to persistence in math, engineering, and the physical sciences 
(Schaefers et al., 1997) among university students. Given previous contradictory findings regarding 
gender differences in the relationship between competitive classroom environments and persistence in 
science, math, and engineering (Manis, 1989; Seymour, 1992, 1995), no prediction was made 
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concerning the association between perceived affiliation in classrooms and persistence in these 
majors. 
It was also predicted that a developmental style of advising, advising contact with faculty, 
and professorial concern would be more closely associated with both math and science self-efficacy 
and persistence in science, math, and engineering majors for women than for men. This prediction 
was based on the self-in-relation model of women's identity development which posits that a 
woman's sense of competence stems from her feelings of connectedness to others and the 
responsiveness present in her relationships (Gilligan, 1982; Miller, 1991, Surrey, 1991). This 
prediction was also based on Seymour's (1992, 1995) empirically grounded assertions that a female 
student's sense of confidence in her major, unlike that of most male students, is in part dependent 
upon the personal responses she is able to evoke from faculty and that a lack of opportunity to form 
personal relationships with faculty contributes to women's attrition in nontraditional fields of study 
via a loss of self-confidence. 
Finally, it was predicted that a developmental style of advising, advising contact with faculty, 
professorial concern, and support from role models to pursue nontraditional majors would be more 
strongly related to persistence in physical science, math, and engineering majors for those with higher 
compared to lower levels of interdependent self-construal. This prediction was based on previous 
research indicating that high levels of social support were associated with a greater likelihood of 
continued enrollment in engineering for undergraduates with high interdependent self-construal but 
not for students with low interdependent self-construal (Cross & Vick, in press). 
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CHAPTER 2 
REVIEW OF THE LITERATURE 
Women's Participation in the Labor Force 
Women have participated in the total U.S. work force at increasingly higher rates since the 
1940 s. World War II marked an influx of women into jobs vacated by men serving in the military, 
and by 1948, women comprised approximately 28% of the U.S. work force (Betz & Fitzgerald, 1987; 
U.S. Department of Labor, 1989). By 1968 this figure had increased to 37%, and in 1988 women 
constituted about 45% of employed individuals in the United States (U.S. Department of Labor, 1989; 
NSF, 1990a). Furthermore, as of 1999 women made up 49% of the total U.S. professional work 
force, including business, management, and scientific areas (U S. Department of Labor, 2000). 
Recent statistics indicated that women's labor force participation rates continued to increase; women 
constituted 46% of the U.S. civilian labor force in 1996 (Hanson, 1996, NSF, 1999) and this figure 
rose to 46.7% by the end of 2000 (U.S. Department of Labor, 2001). This trend is expected to 
continue; by the year 2008, it is estimated that women will make up 48% of the total U.S. labor force 
(U.S. Department of Labor, 1999). 
Although women's level of participation in the labor force is approaching that of men, the 
nature of women's participation differs markedly from that of men (Betz & Fitzgerald, 1987). 
Women tend to be concentrated in a relatively small number of traditionally female "pink collar" 
occupations, such as clerical workers, beauticians, nurses, librarians, elementary school teachers, and 
waitresses (Betz & Fitzgerald, 1987; U.S. Department of Labor, 2000). For example, 83% of 
elementary school teachers and beauticians, 85% of librarians, 91% of nurses, and 99% of secretaries 
and child care workers were women in 1999, whereas only 33% of lawyers and judges, 27% of 
doctors, and 16% of architects were women (U.S. Department of Labor, 2000). 
Given that women constitute nearly half of the total U S. labor force, their numbers in science 
and engineering indicate that they remain underrepresented in those fields relative to their proportion 
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of the entire U.S. labor force. Statistics from the National Science Foundation indicate that as of 
1997 women constituted only about 23% of all scientists, mathematicians, and engineers in the 
United States (Smith, 2000). This underrepresentation has been more pronounced among engineers 
and physical and mathematical scientists than among life and social scientists. In 1997 women 
constituted only 9% of engineers, 23% of physical scientists, 28% of computer scientists, and 35% of 
mathematical scientists; whereas they constituted 42% of biological scientists, 53% of social 
scientists, and nearly 64% of those employed in psychology (Smith, 2000). Finally, as of 1995, of all 
scientists and engineers, women were less likely than men to be employed full-time in their field 
(NSF, 1999). 
Women's Participation in Science, Math, and Engineering Education 
Women's low rates of participation in science and engineering are also evident in our 
educational institutions. Although women have increased their rates of participation in the past few 
decades, they continue to participate in these fields to a lesser degree than men at every educational 
level (Betz & Fitzgerald, 1987; Meade, 1991; NSF, 1990a; Olsen, 1999; Smith, 2000). As 
educational level increases, the proportion of women among the total number of participants in 
scientific and engineering fields decreases (NSF, 1999; Smith, 2000). These patterns are described in 
greater detail below. 
Secondary Education 
Due to the fact that mathematics is critical to the subject matter of many scientific and 
engineering disciplines, a lack of adequate preparation in mathematics and science at the precollegiate 
level is a significant barrier to further participation in science and engineering in college and beyond 
(NSF, 1999). In high school, women and men have been equally likely to participate in many 
mathematics and science educational experiences, such as coursework (Hanson, 1996; NSF, 1999). 
In 1994, similar percentages of female and male high school graduates had completed advanced 
mathematics coursework such as trigonometry, calculus, and advanced placement calculus (NSF, 
15 
1999). There were some differences, however, in science course taking among female and male high 
school graduates. Female students were slightly less likely than male students to have taken a physics 
course and slightly more likely to have taken a biology and chemistry course. For instance, whereas 
almost all women and men reported completing a biology course, only 22% of women reported 
completing a physics course, as compared to 27% of men (NSF, 1999). Another interesting 
difference was that in 1995-1996 high school women were less likely than high school men to have 
taken a computer programming course and have used computers to solve mathematics problems 
(NSF, 1999). Finally, despite overall similar rates of math and science course taking, during their 
senior year in high school, young men were more than three times as likely as young women to 
anticipate pursuing a career in science, math, or engineering (Hanson, 1996). 
Undergraduate Education 
Women have increased their rates of participation in science and engineering education at the 
undergraduate level in the U.S. in the past few decades. Whereas they earned about 25% of all 
science and engineering undergraduate degrees in 1967, they earned 48% of all science and 
engineering undergraduate degrees and 37% of all natural science degrees in 1997 (Smith, 2000). As 
can be seen, though, women continue to constitute a minority of students participating in 
undergraduate science and engineering programs. Despite the fact that women constitute over 55% of 
all undergraduates (Olsen, 1999), significantly fewer college-bound women than college-bound men 
indicate that they plan to pursue an undergraduate engineering degree (NSF, 1990a). The proportions 
of college-bound women and men who intend to major in science are more comparable, but, within 
science fields, women's intended majors have been heavily concentrated in the social sciences 
(Hanson, 1996). In terms of degrees attained, women earned 46% of all science and engineering 
bachelor's degrees in 1995 (NSF, 1999). Again, though, within the sciences, bachelor's degrees 
earned by women were heavily concentrated in psychology and the social sciences (Hanson, 1996; 
NSF, 1999). Of all bachelor's degrees awarded in 1995, women earned 73% of those in psychology 
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and 50% of those in the biological, agricultural, and social sciences, but only about a third of those in 
the physical, mathematical, and computer sciences, and just 17% of those in engineering (NSF, 1999). 
The ratios of female-to-male bachelor's degrees earned in 1994 across all fields were lowest for the 
physical and computer sciences and engineering (National Center for Education Statistics [NCES], 
1997). 
Graduate Education 
In 1997, women earned 57% of all master's and 42% of all doctorates in the U.S. Relative to 
their significant level of participation in graduate education overall, they continue to be 
underrepresented in science and engineering graduate education (Smith, 2000). Most of the women 
(84%) who earn master's degrees, do so in fields outside of science and engineering (Olsen, 1999). 
In 1995, women constituted 41% of the total number of graduate students enrolled in science and 
engineering programs; however, the majority of these women were enrolled in psychology, the social 
sciences, or the life sciences and only about 11% were enrolled in engineering programs (NSF, 1999; 
Olson, 1999). The percentages of women actually attaining graduate degrees in these programs vary 
considerably by field. Overall, in recent years women earned just over 40% of all science and 
engineering master's degrees and 34% of all science and engineering doctorates (Smith, 2000). In 
1995, however, women earned just 17% of the master's degrees and 10% of the doctorates granted in 
engineering (Olson, 1999). In many science and engineering fields, a graduate degree is considered a 
requirement for entry-level positions. Additionally, women with doctorates in science and 
engineering participate in the labor force at higher rates than do women whose highest degree is a 
bachelor's degree in these fields (Betz & Fitzgerald, 1987; NSF, 1999). As such, not attaining a 
graduate degree may preclude female students from working in their field of study. 
Costs of Occupational Gender Stratification 
The low rates of women's participation in the traditionally male fields of physical science, 
mathematics, and engineering is costly for society, for women, and for the scientific profession. 
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There is currently concern about our society's ability to provide a sufficient supply of scientists and 
engineers to meet increasing human-resource needs in those fields, about women's concentration in 
low-status and low-paying occupations with few opportunities for advancement, and about the 
ramifications of women's underrepresentation in scientific fields on the profession of science itself. 
Societal Costs 
The Bureau of Labor Statistics (U.S. Department of Labor, 1999) predicted that between 
1998 and 2008, the human-resource needs in professional specialty occupations, including the 
physical and mathematical sciences and engineering, will increase by 27%, due to growth in high-
technology industries and use of high-technology goods and services. It has been projected that 
several factors will combine to put our society at risk for not being able to meet these increasing 
human-resource needs in science and engineering (NRC, 1991; U.S. Department of Labor, 1999). 
Three demographic trends have been expected to contribute to an impending shortfall of U.S. 
scientists and engineers: the growth in the cohort of 25- to 54-year-olds, the bulk of the labor force, 
will decline between 1998 and 2008; the percentage of students majoring in most scientific and 
engineering disciplines has been decreasing in recent years; and the greatest growth in the U.S. 
population and labor force is projected to occur among ethnic groups that until now have not 
significantly participated in science and engineering (Olson, 1999). Indeed, the number of 
engineering degrees granted by U.S. universities dropped by 20% in 1995, from 7,800 to 6,200 
degrees (Crosbie, 1999). Also, there has only been a minor increase in the rate of participation of 
ethnic minority groups in science and engineering education since 1985 (Sailers, 1997). Labor force 
projections indicate that growth in both the overall labor force and the women's labor force will slow 
down between 1998 and 2008 (U.S. Department of Labor, 1999). As the baby-boom generation (bom 
1946-1964) ages, growth in the number of workers aged 25 to 54 is expected to slow from a rate of 
17.5% between 1988 and 1998 to a rate of 5.5% between 1998 and 2008 (U.S. Department of Labor, 
1999). By 2010, it is expected that there will be a shortage of up to 560,000 scientists and engineers 
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(Rubin, 1988). Recruiters from engineering companies who visit university campuses each year cited 
disappointment in the shortage of candidates to fill their positions (Crosbie, 1999). One way to 
counter the expected shortage of U.S. scientists and engineers would be to tap heretofore 
underutilized populations, such as women, by increasing their attraction to and participation in 
science and engineering (Crosbie, 1999; NRC, 1991). As a profession, engineering should be 
particularly attractive among all science and engineering fields. Recent figures reflect an 
unemployment rate for engineers of less than 2% (Sailers, 1997), compared to a national average of 
4% (U.S. Department of Labor, 2000), and that the salary gap between women and men is lower in 
engineering than in the labor force as a whole (Lai, Yoon, & Carlson, 1999). 
Costs to Women 
Women incur the costs of occupational gender stratification as well. Current statistics 
indicate that women in the U.S. labor force earn between 76 and 77 cents for ever dollar a man earns 
overall (U.S. Department of Labor, 2000). Women with two years of postgraduate education, on 
average, earn about five dollars an hour, or $10,400 a year, less than men with the same amount of 
education. Women with a college degree earn less than do white men with a high school diploma 
(Mahar, 1993). Among 1993 college graduates, women earned just 84% of what men earned three 
years after graduation with bachelor's degrees in the natural and computer sciences, mathematics, and 
engineering (NCES, 1997). In 1995, statistics showed that women earned 87% of what men earned in 
engineering occupations (Lai et al., 1999). By 1999 that figure had risen slightly to 88% (U.S. 
Department of Labor, 2000). 
Women continue to be concentrated in lower-status and lower-paying positions with few 
opportunities for advancement (Hanson, 1996; Lai et al., 1999; Mahar, 1993; NSF, 1999). High-level 
positions, which carry with them the highest salaries and best benefits, have tended to be dominated 
by men in most professions, including business, medicine, law and engineering (Mahar, 1993; U.S. 
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Department of Labor, 2000). For example, although women constitute 43% of managers in the U.S., 
they make up only 3% of top-level corporate executives (Mahar, 1993). 
In regard to science and engineering occupations, women are less likely than men to be 
employed in computer science or engineering, both of which bring with them higher salaries than 
other fields within science and engineering (NSF, 1999). In academic positions in science and 
engineering, women hold fewer high-ranked positions than men; 24% of women are full professors, 
compared to 49% of men (NSF, 1999). Also, whereas 59% of full-time employed faculty in science 
and engineering are tenured, only 35% of female faculty in the same fields are tenured, a difference 
that holds true when controlling for age (NSF, 1999). Similarly, gender stratification is evident 
within the field of engineering. Robinson and Mcllwee (1989) found a close correspondence between 
status and income of positions within engineering. It appears that there is a hierarchy of prestige and 
earning power ranging from positions below the level of design, such as sales and manufacturing, 
(average annual salary about $33,400) to design (annual salary about $35,000) to management 
(annual salary about $49,000). In terms of their distribution across these positions, 42% of the 
women, but only 23% of the men, held positions below the level of design; 43% of the women held 
design positions, compared to 58% of the men; and 15% of the women held management positions, 
compared to 20% of the men. In other words, the women were most heavily concentrated in positions 
with lower earning power (Hanson, 1996; NSF, 1999; Robinson & Mcllwee, 1989). On a positive 
note, when years of experience in engineering positions is taken into account, the salary discrepancies 
described above almost disappear (Lai et al., 1999). This illustrates that one way to reduce the salary 
gap between women and men is to retain women in engineering professions. 
Costs to Science as a Profession 
Finally, the continued underrepresentation of women in the physical and mathematical 
sciences and engineering results in a scientific profession within these fields that is lacking in 
diversity and inclusiveness as it is predominated by the perspectives and approaches of male scientists 
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(Crosbie, 1999; Rosser, 1990). Scientific philosophers such as Kuhn (1970) have long held that 
scientific knowledge is socially constructed in that scientific methods reflect the values and biases of 
the scientists employing those methods (Rosser, 1990). Given the fact that the physical and technical 
sciences have been and continue to be dominated by male scientists, it follows that the methods used 
and knowledge gleaned from these fields is subject to a certain degree of engendered homogeneity. 
As such, assuming that diversity of perspectives and methods is indeed a healthy and energizing 
approach to scientific inquiry (Borgen, 1995), the inclusion of increased numbers of female scientists 
within the physical and mathematical sciences and engineering should be a goal. The impact of 
striving for such a goal would be an increasingly heterogeneous group of scientists who could bring 
greater vitality to scientific endeavors in these fields via more diverse questions posed, methods 
employed, and conclusions drawn (Rosser, 1990). It also appears that in today's workplace, 
cooperation is becoming more highly valued than competition, and women perform very well in a 
cooperative environment (Crosbie, 1999). In this way, women bring vitality to the scientific 
workplace. 
Given the evidenced harmful effects of occupational gender stratification on society as a 
whole, on women individually, and on the scientific profession, it seems that an investment in 
technical skills would be wise for women at this point in time (Crosbie, 1999; Mahar, 1993; Robinson 
& Mcllwee, 1989). Specifically, considering the growing demand for high-technology goods and 
services, and the fact that starting salaries in mathematics and engineering are among the highest for 
bachelor's degree recipients, the physical and mathematical sciences and engineering now present 
themselves as particularly promising fields for women (NRC, 1991; NSF, 1999; Oberman & Collins, 
1995). 
Women's Versus Men's Career Development 
As women's rate of participation in the labor force has increased over the past several 
decades, increasing attention has been paid to women's career development in the career psychology 
21 
literature (Betz & Fitzgerald, 1987; Fitzgerald, Fassinger, & Betz, 1995). Regarding women's career 
development, there has been debate as to whether different theoretical models are needed to explain 
women's versus men's career development (Fitzgerald et al., 1995; Hackett, 1997; Hackett & Lent, 
1992). Given that many early general models of career development were based on research using 
male participants, the growth of the study of women's career development during the last few decades 
brought with it a questioning of the adequacy of such traditional general models to describe women's 
career behavior. In response to this questioning, some researchers attempted to extend existing career 
development theories to more adequately incorporate women's behavior, while others focused on 
developing what Fitzgerald et al. (1995) termed "gendered theoretical frameworks" (p. 85), theories 
developed specifically with the purpose of better describing women's career development. Both of 
these trends seem to be useful at this point in time (Hackett, 1997; Hackett & Lent, 1992) as 
researchers from both camps have agreed that women's career behavior is in some ways more 
complex than men's, and, as such, requires attention be paid to factors previously unexplored in 
general models of career development. 
In terms of women's career development in scientific fields. Ware, Steckler, & Leserman 
(1985) discovered that different factors may shape women's versus men's decisions to pursue 
scientific majors in college. These authors concluded that women and men may subjectively react 
differently to what would objectively be labeled similar experiences in science curricula in college 
due to different socialization experiences. Ware et al. recommended that the educational system 
strive to modify academic environments such that women's reactions to those environments do not 
disadvantage them relative to men. It may also be the case that similar factors apply to both women's 
and men's career development but do so to different extents (Bean & Vesper, 1994; Seymour, 1995). 
Lent, Brown, and Hackett (1994; 2000) presented a social cognitive theory of career and 
academic performance that may be applicable to the career development of both women and men. In 
their model, Lent et al. proposed that person factors, such as ability and gender, and experiential or 
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learning factors may act through self-efficacy beliefs to influence career-related performance and 
persistence. Here self-efficacy is defined as "people's judgments of their capabilities to organize and 
execute courses of action required to attain designated types of performances" (Bandura, 1986, cited 
in Lent et al., 1994). Theses authors proposed that person inputs influence learning experiences, 
which influence self-efficacy beliefs, which in turn influence performance and persistence. It is also 
noted that performance itself becomes a learning experience. This model is displayed in Figure 1 
below. 
Person Inputs 
Gender 
Ethnicity Learning Experiences 
Self-Efficacy 
Beliefs 
Performance/ 
Persistence 
Figure 1. Social cognitive model of career and academic performance 
Regarding career persistence, while Lent et al's model is quite comprehensive, the authors 
themselves noted that they failed to explicate in detail the nature of experiential factors or learning 
experiences that may contribute to self-efficacy beliefs and that such inquiry is needed. Lent et al. 
(1994) did hypothesize that exposure to successful models and favorable social-persuasory 
communications will be positively related to self-efficacy beliefs regarding particular career and 
academic activities, but they did not elaborate on the types of experiences that might constitute 
favorable social-persuasory communications. As such, a main focus of the current study is to more 
fully explicate the nature of learning experiences that may influence self-efficacy beliefs and 
persistence in the physical sciences, math, and engineering. 
Barriers to Women's Participation in Nontraditional Fields 
As the literature regarding women's career development has increased, much of this work has 
focused on barriers to women's participation in nontraditional occupations (Betz & Fitzgerald, 1987; 
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Kahle, 1983, 1985; McLure & Piel, 1978; Paludi, 1990; Robinson & Mcllwee, 1989). Several factors 
have been identified that may contribute to the underrepresentation of women in traditionally male 
fields. Many authors (e.g., Betz & Fitzgerald, 1987; Fitzgerald, Fassinger, & Betz, 1995; Lent et al., 
2000; Paludi, 1990) have distinguished between person-centered, or internal, barriers and institution-
centered, or external, barriers to women's vocational development. Paludi (1990), for example, 
identified two sets of factors, sociopsychological and structural, related to women's vocational 
development. Sociopsychological factors included fear of success and failure, achievement 
orientation, and attributional style; whereas structural factors included discrimination, sexual 
harassment, and the availability of role models. In a similar vein, Betz and Fitzgerald (1987) 
proposed two types of factors, individual and background, facilitative of women's career 
development. Individual factors included instrumentality, high self-esteem, high ability, and liberal 
sex-role values. Facilitative background factors included a working mother, supportive father, highly 
educated parents, and female role models. 
Other authors (e.g., Maty as, 1985), rather than focusing on the distinction between internal 
and external factors, have focused instead on distinctions among external or environmental factors 
related to women's vocational development. Matyas (1985) proposed two groups of environmental 
factors that influence women's attraction to science and scientific careers: sociocuiturai and 
educational. Sociocuiturai factors included occupational sex stereotypes and role models; whereas 
educational factors included mathematical training, class experiences, and extracurricular activities. 
As Betz (1997) noted, women are lost from the pool of potential scientists and engineers at all 
levels of the educational system; however, retention at the undergraduate and graduate levels, when 
women are attempting to implement their career choice, becomes an especially serious problem. She 
highlighted that supporting young women to the point of choosing a nontraditional major in college is 
inadequate; practitioners and researchers alike must expend effort to facilitate the completion of these 
women's degrees. To this end, Betz called for increased efforts to identify those factors that may 
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strengthen young women's self-confidence for the pursuit of science and engineering as well as 
factors that will improve the educational climate for women. Likewise, in their review of 
contemporary theory and research on women's career development, Hackett and Lent (1992) and 
Fitzgerald et al. (1995) concluded that a great deal more attention should be paid to exploring 
environmental or structural factors that may influence women's psychological processes as they relate 
to career development. Theories such as developmental, person-environment fit, and social learning 
theory were cited for failing to adequately integrate the role of environmental factors in women's 
career development, while sociopsychological, individual difference, and social cognitive theories 
that address the impact of structural factors were looked to as hopeful models to pursue in better 
understanding women's continued underrepresentation in traditionally male fields. 
Other authors have agreed that more research should be aimed at the exploration of those 
elements of a scientific environment in Westernized societies that may disadvantage women in their 
pursuit of math, science, and engineering careers (Becker, 1995; Kaeley, 1995; Rosser, 1990; Willis, 
1995). Kaeley (1995) cited research on women's participation in mathematics across various cultures 
to argue that culture profoundly shapes gender differences in mathematics participation. This author 
presented evidence which suggests that as the amount of power women hold as a group within a 
society increases, so does their performance in mathematics, such that in those cultures in which 
women have more power and authority than men, women either perform as well as or better than men 
in mathematics. Also proposed was the idea that traditional pedagogy in mathematics and science, 
often labeled separate knowing—learning based on logic, rationale, absolute truth, and separating 
oneself from the object of knowledge—is at odds with most women's preferred way of knowing, 
labeled connected knowing—learning grounded in intuition, experience, conjecture, and connecting 
or drawing oneself closer to the object of knowledge (Becker, 1995; Belenky, Clinchy, Goldberger, & 
Tarule, 1986; Rosser, 1990). Willis (1995) cautioned against pursuing research that focuses solely on 
identifying individual attributes of women such as their achievements, attitudes, or confidence that 
25 
may increase their rates of persistence in mathematically related occupations, to the exclusion of 
environmental factors that may play a role in such persistence such as discrimination and the 
availability of role models. Focusing solely on individual factors suggests (perhaps unknowingly), to 
other researchers and women alike, that women should and must aspire to be more like men, that 
skills and attributes possessed by men are the norm against which women should be measured, that 
women are somehow deficient (Rosser, 1990; Willis, 1995). Such a suggestion may undermine 
women's sense of competence in math and science demonstrated to influence persistence in science 
and engineering (Betz, 1997). 
Women's Identity Development: The Self in-Relation Model 
One impact of increased attention to women's career development has been a recognition, or 
perhaps a spotlighting of the idea that personal and career development are closely related. Such a 
concept, however, is not new to the field of career psychology. As early as 1953, Super proposed the 
idea that career development was basically a process of developing and implementing one's self-
concept or identity (Hilton, Miller, & Brown, 1991). Later, person-environment fit theories (e.g., 
Dawes & Lofquist, 1984; Holland, 1973,1985) upheld the importance of the fit between personality 
traits and work environments in predicting vocational behavior (Fitzgerald et al., 1995). Recent 
models of women's career development have shared the idea that personality or other individual 
factors influence career behavior (Hackett & Lent, 1992). In particular, current social cognitive 
frameworks have emphasized that person factors and career behavior mutually influence each other 
(Fitzgerald et al., 1995; Lent et al., 1994). 
Some authors (Belenky et al., 1986; Gilligan, 1982; Miller, 1991; Surrey, 1991) have asserted 
that the process by which women's sense of self or identity develops differs from that of men's 
identity development as it has been described in the bulk of psychological literature (e.g., Erikson, 
1963; Levinson, 1978; Mahler, 1972). As Miller (1991) explained, the male self or identity has 
typically been described as developing through several sequential stages, each involving a critical 
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separation from other individuals, the goal of which is an inner sense of the self as separate from 
others, or separated individuation. Described in this manner, the prescribed goal of identity 
development has little to do with greater emotional connection to others or an increased interaction or 
responsiveness between individuals. Miller and others argued that it is this process of individuation 
through separation prescribed for male identity development that is different in kind from the typical 
process of female identity development that yields an inner sense of self as a "being-in-relation" 
(1991, p. 21) or self in relationship to others. It is of note here that proponents of the seif-in-relation 
model did not assert that the model applies only to the identity development of women to the 
exclusion of that of men. Rather, the model was an attempt to provide a better description of the 
typical process of female identity development than that offered by previous models. 
Others have forwarded a model of the self that is conceptually closely aligned with the self-
in-relation model of identity development (Cross, Bacon, & Morris, 2000; Cross & Madsen, 1997; 
Cross & Vick, in press). Cross and other authors described a model of the self in which they 
distinguished between an independent and a relational-interdependent self-construal. These authors 
asserted that the model of the self classically defined in Western societies can be labeled an 
independent self-construal. The independent self-construal is, as above, one in which the self 
develops in order to separate from other selves and maintain a sense of autonomy, and the self is 
defined primarily by one's abilities, traits, attributes, and preferences. In contrast, the relational-
interdependent self-construal develops in order to connect to other selves, and the self is defined by 
relationships, membership in groups, and identity roles in addition to one's abilities, traits, attributes, 
and preferences. In this model of the self, it was assumed that in American culture, men are more 
likely than women to develop an independent self-construal, whereas women are more likely than 
men to develop an interdependent self-construal (Cross et al., 2000; Cross & Madsen, 1997; Cross & 
Vick, in press). 
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The self-in-relation model of women's identity development holds as its primary assumption 
that psychological growth occurs by way of emotional connectedness, that aspects of the self develop 
in the context of relationship; as such, there is no drive or motivation to disconnect or separate from 
others. In fact, responsiveness between individuals—attending and responding to the other—was 
proposed to enhance women's sense of self as well as their personal agency, and their agency may be 
undermined by a lack of connection with others (Gilligan, 1982; Miller, 1991). Here Miller defines 
agency as a woman's "capacity to perceive and to use her powers in all ways " (p. 20). A woman's 
self-esteem and sense of competence was conceptualized to stem from her feelings of connectedness 
to others. Her self-confidence is associated with the responsiveness present in her relationships and 
would extend to the ability to act in several realms, such as academic or occupational activities 
(Surrey, 1991). 
Responsiveness in relationships was described as a mutual care-taking process involving the 
sharing of experience and an understanding of and regard for the other's self, which leads to increased 
empowerment. Surrey (1991) wrote: 
"The basic elements of the core self in women can be summarized as (1) an interest 
in and attention to the other person(s), which form the base for the emotional 
connection and the ability to empathize with the others); (2) the expectation of a 
mutual empathie process where the sharing of experience leads to a heightened 
development of self and other, and (3) the expectation of interaction and relationship 
as a process of mutual sensitivity and mutual responsibility that provides the stimulus 
for the growth of empowerment and self-knowledge" (pp. 58-59). 
Highlighted here was the concept of the relationship as a two-way interaction in which the self is both 
responsive to and responded to by others. Thus, as growth occurs through responsiveness, women 
may experience increasing difficulty as they mature and enter environments in which competence is 
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measured by self-sufficiency and independent action. In such environments, women's sense of 
agency may be compromised (Surry, 1991). 
Also highlighted in this model was the fact that empowerment used in this sense is a power 
obtained through connection with others rather than by power over others. One implication of such a 
supposition would be that women may be uncomfortable in competitive environments which 
emphasize outperforming or winning over others (Rosser, 1990). Individuals with an interdependent 
self-construal may experience more distress than those without an interdependent self-construal in 
very competitive settings (Cross & Vick, in press). Indeed, women have been found to be less likely 
than men to acknowledge competitive wishes and more likely to avoid competitive situations (Stiver, 
1991). In an examination of the way in which women conceptualize competitiveness, Griffin-Pierson 
( 1988) discovered that, while women and men scored similarly on a measure of goal competitiveness 
(a focus on obtaining a goal), women scored significantly lower than men on a measure of 
interpersonal competitiveness (a focus on performing better than an opponent). Moreover, female 
undergraduates cited competitive classroom environments in science and engineering as being more 
discouraging to their pursuit of nontraditional majors than did male undergraduates (Manis, 1989). 
Seymour (1992,1995), however, found that male undergraduates more often cited competitive 
classroom environments in science, math, and engineering majors as contributing to their decision to 
leave these majors than did female undergraduates. This researcher added, though, that most of the 
women in these majors perceived competitive learning environments as interfering with their ability 
to form collégial relationships. 
Stiver (1991) and Gilligan ( 1982) argued that women's discomfort with competition or "fear 
of success" as it has been labeled in the psychological literature is in actuality a fear of losing 
connection with others due to the fact that success as defined in Western culture necessarily involves 
distancing oneself from others by asserting power over them. In essence, these authors asserted that 
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separation from others is perceived by women as threatening, while connection, expressed through 
attendance to and care for others, is perceived as self-enhancing. 
In sum, several propositions have been addressed above: different factors may play key roles 
in women's versus men's career development; personal or identity development and career 
development are likely associated with each other; and women's identity development may differ 
markedly from men's identity development in that women's personal agency is enhanced by 
connectedness in relationships. Given these propositions, as well as the call for increased efforts at 
identifying environmental factors related to women's persistence in nontraditional fields, it is striking 
that more attention has not been paid in the psychological research literature to the role of relationship 
factors in women's career development. It is particularly striking that more attention has not been 
paid to the role of relationship factors in women's persistence in the physical and mathematical 
sciences and engineering, where women continue to be underrepresented relative to their proportion 
of the entire U.S. work force. 
Role Model Information and Women's Career Development 
Much of the research that has examined the role of relationship factors in women's career 
development in nontraditional fields has focused on the issue of a perceived lack of support for young 
women in scientific and technical fields of study. This is often conceptualized as a lack of role 
models or support from role models for young women in those fields (Basow & Howe, 1979, 1980; 
Betz & Fitzgerald, 1987; Gilbert, 1985; Hackett, Esposito, & O'Halloran, 1989; Hayden & Holloway, 
1985; Stake & Noonan, 1985). Broadly, a role model is frequently defined as an individual whose 
life and activities have influenced life decisions of the respondent (Basow & Howe, 1980). As related 
to students' career development in particular, a role model is often conceptualized as "someone whose 
life and activities influenced the students in their career choice" (Basow & Howe, 1979, p. 240). 
Types of individuals typically thought to serve as role models in women's career development 
include college professors, elementary and secondary teachers, parents, other family members, other 
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significant adults, and peers (Basow & Howe, 1980; Betz & Fitzgerald, 1987; Hackett et al., 1989; 
Kahle, 1983, 1985). Social learning theory suggests that there are two processes by which role 
models may provide important information to individuals: direct interaction and indirect 
identification (Bell, 1970). Direct interaction includes behavior between the role model and 
individual, while indirect identification may include perceptions of similarity between role model and 
self, imitation of the role model, or assimilation of the attitudes or values of the role model. 
Role Model Information in College 
A number of retrospective studies have indicated that role models play an important part in 
women's career development at the college level and that a lack of role models is a major barrier to 
such development (Basow & Howe, 1979, 1980; Betz & Fitzgerald, 1987; Gilbert, 1985; Hackett el 
al., 1989; Hayden & Holloway, 1985; Stake & Noonan, 1985). Among female college students, the 
presence of role models has been associated with higher levels of career-related competency (Gilbert, 
Gallessich, & Evans, 1983; Stake & Noonan, 1985), interest in nontraditional careers (Little & Roach, 
1974), nontraditionality of occupational choices (Hackett et al., 1989), and persistence in 
nontraditional majors (Hayden & Holloway, 1985). 
Among college women, it appears that perceived encouragement from role models is 
associated with career salience and educational and career plans. Hackett et al. (1989) examined the 
relationship between perceived encouragement from role models to pursue nontraditional careers and 
four aspects of women's career development: career salience, level of educational aspirations, 
college major choices, and occupational choices. They administered a slightly revised version of the 
Influence of Role Model Scale (Basow & Howe, 1980) to senior college women from several majors 
at a small western women's liberal arts college. The results of their study indicated that perceived 
encouragement from role models was predictive of career-related aspirations and choices. 
Specifically, perceived encouragement from female teacher role models was most strongly positively 
related to career salience and level of educational aspirations. Also, women who reported 
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encouragement from their fathers and other adult males were more likely to be considering 
nontraditional occupations than women who reported discouragement or neither encouragement or 
discouragement from those models. 
It also appears that role model information is related to persistence in nontraditional fields. 
Ivey (1988) found that the number of female graduates from science and engineering programs who 
eventually pursued careers in those fields correlated directly with the number of female faculty 
members in the programs from which they graduated, indicating that the presence of female role 
models facilitates persistence in nontraditional fields among women. Additionally, Hayden and 
Holloway ( 1985) found that the presence of role models appeared to be positively related to 
persistence in nontraditional fields. These researchers followed engineering students' academic 
progress and found that students with a family member employed in the field of engineering 
evidenced a significantly higher rate of retention in their program than did students with no family 
member employed in engineering. 
Professorial Role Models 
Most of the studies on the relationship between role models and women's career 
development have focused on the influence of college faculty members who serve as role models. It 
appears that female graduate students perceive the establishment of a student-faculty role-model 
relationship to be particularly important to their professional development (Gilbert, 1985). Gilbert 
investigated the level of importance female and male students attributed to having a role model 
relationship for their professional development. She found that female students who had a role model 
rated their relationship with that model as significantly more important to their professional 
development than did male students who had a role model, indicating that the presence of role models 
is particularly valued by women. 
Stake and Noonan (1985) examined the influence of professorial models on the career 
confidence and motivation of college students. These researchers looked at changes in students' 
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career confidence and motivation during a seven-month period in which the students were exposed to 
faculty models. Their results indicated that female students who identified an important faculty 
model who they wanted to emulate experienced significant gains in career confidence and motivation 
across the seven-month period. Stake and Noonan interpreted these results as a demonstration that 
both the establishment and quality of the faculty-student role-model relationship are facilitative of 
women's career development. 
The above research indicates that the presence of role models, particularly professorial role 
models, is facilitative of several aspects of college women's career development. Little research, 
however, has been aimed at identifying the influence of specific elements of key relationships for 
women pursuing study in nontraditional fields, such as relationships with faculty advisors. The bulk 
of the research relevant to the exploration of elements of potentially significant relationships for 
young women pursuing study in math, science, and engineering has come from investigations 
conducted in the areas of college advising and student retention. 
Advising and Student Outcomes 
Research on college advising and student retention indicates that elements of advising impact 
several aspects of career development in college and that there are some gender differences in regard 
to advising preferences at the undergraduate level (Alexitch, 1997; Bean & Vesper, 1994; Crockett & 
Crawford, 1989; Metzner, 1989; Terenzini & Pascarella, 1980; Weissberg, Berentsen, Coté, Cravey, 
& Heath, 1982). 
Terenzini and Pascarella (1980) explored the relationship between the frequency and quality 
of student-faculty contact and students' academic outcomes during the freshman year. They asked 
freshmen at a large university to respond to questions regarding the frequency of informal, 
nonclassroom contacts with faculty to discuss academic and personal concerns, the impact of those 
contacts on personal and career-related variables, perceived faculty concern for student development 
and teaching, and measures of self-perceived gains in personal growth and intellectual development. 
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The investigators found that all student-faculty contact variables made significant contributions to the 
prediction of academic performance (freshman year cumulative grade-point average), intellectual 
development, and personal growth. Moreover, for female students, higher frequency of contact with 
faculty to discuss personal issues was related to higher perceived gains in both intellectual and 
personal development. 
Metzner (1989) examined the effects of perceived quality of academic advising on freshman 
attrition at an urban public university with a predominantly commuter student population using a 
model of nontraditional student attrition. Metzner hypothesized that perceived quality of academic 
advising would affect attrition through academic performance (grade-point average), psychological 
outcomes (utility of and satisfaction with college), and intent to leave the university. Results 
supported the investigator's hypotheses in that perceived quality of advising accounted for a small but 
significant percentage of the variance in student attrition. Metzner, however, used a limited, global 
measure of academic advising that did not allow for identification of key aspects of the advising 
relationship. As she noted, more complete operationalizations of the advising process would have 
increased heuristic value. 
In an effort to identify student needs to facilitate effective advising, Weissberg et al. (1982) 
developed a 65-item survey to assess the needs of undergraduate students in personal, career, and 
academic areas. Overall, students rated career development needs higher than personal or academic 
needs. A majority of both female and male students indicated a moderate to strong need for such 
activities as exploring job opportunities in their major, developing effective job-seeking skills, and 
clarifying career-related interests and values. These authors concluded that students may benefit from 
a broadening of the traditional academic advisor role in which interaction is focused primarily on 
selecting and scheduling courses. 
Relatedly, Bean and Vesper (1994) investigated the influence of the academic and social 
environment on satisfaction with being a college student among female and male freshmen and 
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sophomore honors students at a large research university. These researchers were particularly 
interested in gender differences regarding the importance of social or relational factors for student 
satisfaction. Results indicated that more social factors influenced student satisfaction for women than 
men. Results also indicated that, while the amount and nature of contact with advisors was the same 
for female and male students, contact with advisors contributed significantly to the model predicting 
female student satisfaction but did not contribute significantly to the model predicting male student 
satisfaction. While their overall model only predicted approximately one-third of the total variance in 
student satisfaction. Bean and Vesper interpreted their results as support for their hypothesis that 
social/relational factors are more important for female than male student satisfaction and 
recommended that programs aimed at socially integrating female students be developed. 
Other studies have suggested that female students may have different preferences for advising 
than male students at the college level. In response to their discovery of little research available on 
the relationship between student characteristics and advising style preferences, Crockett and 
Crawford (1989) explored the relationship between several student characteristics, including gender, 
and preferences for advising style. These authors measured advising style along a continuum from 
prescriptive advising, in which activities are limited to academic matters and the advisor takes the 
bulk of responsibility for decisions made, to developmental advising, in which advising encompasses 
both personal and academic issues and the advisor collaborates with the student while encouraging 
the student to take the bulk of responsibility for making decisions (Crookston, 1972). Crockett and 
Crawford found that women had a significantly stronger preference than men for developmental 
advising in regard to academic decision-making,. Using the same continuum, Alexitch (1997) also 
found that female undergraduates more strongly preferred a developmental style of advising than did 
male undergraduates, although women and men did not differ in their actual advising experiences. 
Alexitch found that both male and female undergraduates preferred a more developmental style of 
advising than they actually received from professors across several categories of advising activities, 
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but women especially strongly preferred developmental advising. The results of Alexitch's study also 
indicated that those students who reported more contact with their professors also reported a stronger 
developmental advising relationship and that a more prescriptive style of advising was associated 
with lower satisfaction with advising received. Alexitch concluded that, given the importance of 
faculty-student contact for students' academic and career development (Terenzini & Pascarella, 
1980), more resources be devoted to further investigation of the role of faculty advisors in student 
outcomes. 
Advising and Women's Persistence in Nontraditional Fields 
While the bulk of research relevant to the exploration of important elements of key 
relationships for women pursuing nontraditional fields of study has come from the general academic 
advising and student retention literature, some authors have considered the issue of advising and 
relationships with faculty specifically as it relates to women's persistence in nontraditional fields. 
Writing about the role of faculty advising in science and engineering, Cogdell (1995) reminded 
readers that education boils down to communication between students and teacher and that the results 
of education will be longer-lasting as such communication becomes more personal. Specifically 
addressing advisors of women pursuing nontraditional fields of study, Pope (1995) stated that 
advisors must be prepared to listen to both academic and personal concerns, noting that a woman's 
frequent visits to an advisor may be indicative of their need to connect with her advisor on a personal 
level. 
Anderson ( 1995) also promoted advising that is concerned with students as individuals. In a 
qualitative study, Anderson conducted in-depth, open-ended interviews with 40 female upperclass 
engineering undergraduates from seven institutions in an effort to identify the particular advising 
needs of women pursuing engineering degrees. From her participants' responses, she concluded that 
many of the women in her study felt isolated and marginalized in large part due to their perception 
that faculty in their programs had no concern for them on a personal level. The women reported that 
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a lack of personal concern from faculty undermined their sense of satisfaction with their field of 
study. 
Findings from other studies also suggest that relationships with faculty play an important role 
in women's experiences in science, math, and engineering majors. Cross ( 1997) explored the 
relationship between interaction with faculty, students' assessment of the academic environment, and 
self-confidence among first-year graduate students in the natural sciences, mathematics, and 
engineering. She discovered that students' perception of supportive faculty was the strongest 
predictor of a positive perception of their academic environment and that an environment that 
encourages student-faculty interaction may ameliorate low self-confidence for students in these fields. 
Additionally, at the undergraduate level, interaction with faculty has been shown to predict 
persistence in science and math (Stoecker, Pascarella, & Wolfe, 1988) and academic achievement in 
engineering (Hackett, Betz, Casas, & Rocha-Singh, 1992), and perceived faculty support or 
encouragement has been shown to predict persistence in engineering (Schaefers, Epperson, & Nauta, 
1997). 
Elaine Seymour has devoted much attention to the issue of women's attrition from science, 
math, and engineering (SME). She has focused her work on explaining gender differences in attrition 
rates in these fields at the undergraduate level, exploring what role faculty-student relationships may 
play in women's lower persistence rates in SME majors as compared to the persistence rates of men. 
Seymour (1992, 1995) conducted a three-year ethnographic study involving semi-structured open-
ended interviews and small focus groups with over 300 female and male participants from seven 
institutions granting undergraduate degrees in SME majors. Participants in this study included only 
those students with high mathematical ability, defined as a minimum score of 650 on the Mathematics 
section of the Scholastic Aptitude Test. Participants were classified either as switchers (students in 
their junior or senior year who had switched from a declared SME major to a non-SME major or 
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declared a non-SME major after stating an initial intention to declare a SME major) or persisters 
(students in their senior year who had remained in an initially declared SME major). 
Summarizing her data, Seymour ( 1995) stated that, broadly, male and female students appear 
to approach their college education differently. Across switchers and persisters, results indicated that 
male students had a more instrumental educational focus than female students in that men placed 
career goals before personal satisfaction. Female students had a more wholistic educational focus 
than male students in that women were more concerned with meshing their educational, career, and 
personal satisfaction in college. Female students were also more concerned with the impersonal 
environment of large classrooms in which they perceived professors as unapproachable and did not 
feel that they were able to get to know faculty. The most effective professors were seen by women as 
those who wanted to know students on a personal level, as individuals. 
Following the first phase of this study, Seymour ( 1992) reported that there is apparently a 
conflict between what students and faculty expect from faculty advising. She found that many 
students expected more than just advice on coursework selection from faculty advising; students 
typically expected advice on personal as well as academic issues but reported that faculty were 
indifferent to personal concerns. While a high percentage of both switchers (60.7%) and persisters 
(50.8%) complained that they had difficulty getting help for academic and personal problems from 
faculty advisors (Seymour, 1992), a greater percentage of female switchers (83.9%) than male 
switchers (68.5%) cited this issue as a difficulty (Seymour, 1995). 
Drawing on qualitative data, Seymour made several suppositions regarding how women's 
experiences in SME majors may lead to their attrition in these majors. She suggested that what is 
problematic for women in SME majors is that the SME culture is largely one of impersonal pedagogy 
and that the advising system contributes to a lack of responsiveness to students on the part of faculty 
advisors. She proposed that, due to socialization influences, female students' sense of self-worth or 
confidence in her major, unlike that of most male students, is in part dependent upon the personal 
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responses she is able to evoke from faculty. The women in Seymour's study reported that their 
feelings of isolation and insecurity in their SME majors were new to them; they had not experienced 
these feelings in academic settings prior to entering college. Given this, Seymour suggested that there 
is a stark contrast between the precollegiate educational socialization of women—one of nuturance— 
and the cultural expectations within SME undergraduate programs—challenge or a denial of 
nuturance. She proposed that this contrast leads initially to feelings of isolation and lower self-
confidence for women in these fields and, later, to their departure from SME majors. Seymour ( 1995) 
asserted that women enter SME majors with the expectation of forming personal relationships with 
their faculty and that the lack of opportunity to do so contributes to their attrition in these fields via a 
loss of self-confidence. 
In others words, Seymour argued, a lack of personal relationships with faculty may act as an 
indirect influence on attrition for women in SME majors through lowered self-confidence. Faculty 
encouragement has, in fact, been shown to be predictive of academic and occupation self-efficacy for 
science and engineering among undergraduates (Hackett et al., 1992; Schaefers et al., 1997). Further 
support for Seymour's supposition came from the finding that only 25% of female switchers in 
Seymour's study reported that the lack of responsiveness from faculty directly influenced their 
decisions to leave SME majors combined with the finding that a loss of self-esteem during the first 
two years of study in SEM majors was more cited by female than male switchers as contributing to 
their decision to leave their majors (Seymour, 1992). 
The Null Educational Environment 
One possible explanation for the high rate of attrition among college women majoring in 
science, math, or engineering, then, is the lack of responsiveness from faculty in those fields (Betz, 
1989; Seymour, 1992, 1995). The lack of responsiveness from faculty is one manifestation of a null 
educational environment. Freeman (1979) originally proposed the concept of a null environment. In 
Freeman's terms, a null environment is one way "to discriminate against women without really trying" 
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(p. 194). She questioned female and male undergraduate, graduate, and professional students about 
the nature and degree of perceived personal support received from faculty and significant others for 
their academic and professional pursuits. The results of her study indicated that both female and male 
students perceived a lack of positive support from faculty, but female students perceived even less 
positive support from faculty than did male students. Students did not report that faculty were openly 
discouraging of their pursuits, simply that they were failing to encourage those pursuits. Freeman 
also found that female students perceived less support for their academic and career pursuits from 
others in their environment than did male students. 
These findings supported Freeman's null environment hypothesis; that is, an environment that 
fails to encourage or discourage students in the pursuit of careers is inherently discriminatory against 
women pursuing nontraditional fields because it does not account for the differential environmental or 
external factors influencing women's and men's vocational development, such as perceived support 
and the importance of relationship factors in identity development. In other words, in the absence of 
other sources of positive support to pursue nontraditional careers, the lack of responsiveness from 
faculty or lack of close relationships with faculty in science, math, and engineering (Seymour, 1992, 
1995) is particularly detrimental to women's success in those fields because no other compensatory 
sources of encouragement are provided to them in academia (Betz, 1989). As such, the null 
environment hypothesis speaks to the importance of increasing the sensitivity of faculty members to 
women's experiences and needs in science, math, and engineering majors at the undergraduate level 
(Betz, 1997; Rosser, 1990; Willis, 1995). 
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CHAPTER 3 
METHOD 
Participants 
Initial Pool of Participants 
Participants in this study were female and male undergraduates who met the following 
criteria: a) declared a major in mathematics, engineering, or the physical sciences upon enrolling at 
Iowa State University (ISU), b) were enrolled as third, fourth, or fifth-year undergraduate students at 
the time of the study, and c) were American citizens or residents. All students who met these criteria 
were identified through a computerized sort of files from the Office of Institutional Research at ISU. 
From this large pool, a random sample of 400 female and 400 male students were invited by mail to 
participate in the study. Majors represented by students in this group included all types of 
engineering, mathematics, computer science, statistics, chemistry, physics, geology, dietetics, and 
food science. Twenty mailed invitations to participate in the study were returned as undeliverable by 
the post office, and six invitations were not mailed due to the participant having a foreign address, 
which made providing return postage unfeasible. The total number of delivered invitations to 
participate was thus 774, (N = 388 women; N = 386 men). 
Final Sample 
The size of the final sample was determined by the number of eligible students who agreed to 
participate by returning their informed consent form through the mail and completing the 
questionnaire either online or through the mail. Of the 173 participants who returned their informed 
consent form and completed the measures, two identified themselves as first-year students and three 
identified themselves as second-year students, which excluded them from eligibility. The size of the 
final sample was thus 168, and the overall response rate was 22%. 
The participants were distributed across gender as follows: 106 (63.1 %) women and 62 
(36.9%) men. The response rate for women (27%) was significantly higher than that for men (16%), 
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X:( 1, N = 774) = 11.18, p< .001. Of the female participants, 79 (74.5%) were persisters and 27 
(25.5%) were nonpersisters (as defined in a later section of this chapter). Of the male participants, 52 
(83.9%) were persisters and 10 (16.1%) were nonpersisters. The persistence rates of women and men 
were not significantly different, XÎO. N = 168) = 1.99, g = .16. 
Thirty-one (18.5%) of the participants indicated that they were third-year students, 127 
(75.6%) were fourth-year students, and 10 (6.0%) were fifth-year students. The mean age of the 
participants was 22.0 years (SD = 2.89). Participants were distributed across ethnic groups as 
follows: 147 (87.5%) Caucasian American, 7 (4.2%) Asian American, 3 (1.8%) Hispanic American, 
2 (1.2%) African American, 1 (0.6%) Native American, and 8 (4.6%) of "other" ethnic groups. 
Participants' mean American College Test Mathematics (ACT-M) subtest score was 27.72 (SD = 
3.91), which is much higher than the mean of the national ACT norm group of 17.10 (SD = 8.10) 
(American College Testing Program, 1988), t(133) = 31.44, g< .001. Students in this study earned a 
mean cumulative CPA of 3.18 (SD = 0.58) on a 4-point scale. 
Measures 
Related to the primary purposes of this study, measures were selected for each of the 
following: ability, advising experiences with professors, classroom social environment, relational 
interdependent self-construal, and math and science self-efficacy. Secondarily, in a effort to include 
other factors previously found to be important in women's participation and persistence in the 
physical sciences, math, and engineering, measures were also selected for role model support, role 
conflict, and higher-level career aspirations. Table 1 presents means, standard deviations, and 
interconelations for the measures used in this study. 
Demographics 
Participants were asked to provide demographic information consisting of the questions listed 
in Appendix A. Students were asked to indicate their age, gender, ethnicity, year in school, 
approximate number of college credits they had earned, major declared upon enrolling at ISU, current 
Table I. Means, Standard Deviations, and Intercorrelations of Measures 
Measure M SD I 2 3 
1. ACT_M 27.72 3.91 
2. GPAI 3.11 0.69 .403** ... 
3. GPACUM 3.18 0.58 .412** .814** 
4. RISC 4.83 0.73 -.069 .015 .046 
5. ADVSTREC 4.54 0.96 .089 .241* .272** 
6. ADVSTIDL 5.14 1.24 -.156 .013 -.006 
7. IPRECD 2.51 0.80 -.121 -.052 -.007 
8. CPRECD 2.66 0.91 .057 .097 136 
9. PDRECD 1.89 0.73 -.074 -.056 -.008 
10. ASRECD 2.34 0.75 -.189 .051 .038 
11. APRECD 2.43 0.71 .008 .084 183 
12. AMNTADV 9.12 14.38 .008 -.064 -.047 
13. SATISADV 3.26 0.82 196 .094 138 
14. CCESPC 3.40 0.68 .103 .037 .066 
15. CCESAF 3.98 0.66 -.037 128 .105 
16. IRMS 5.44 0.86 .094 .131 .106 
17. RCS 3.41 0.64 -.049 .021 -.008 
18. CAS 3.48 0.57 .013 -.007 .012 
19. MSSE 14.57 3.56 .563** .278** .320** 
4 5 6 7 8 
.036 
177 -.002 
.136 .079 -.094 
.120 .149 -.098 .609** 
— 
.114 .043 -.068 .571** .646** 
.119 .076 -.160 .540** .522** 
.142 .105 -.057 .662** .758** 
.123 .231* .088 .144 .234* 
-.003 .090 -.192 .430** .590** 
.108 .057 -.167 .361** .488** 
.126 -.027 -.084 .056 .199 
.037 .213* -.115 .159 .315** 
.190 -.010 .522** .009 .001 
.145 -.197 .307** .038 .016 
.044 .060 -.054 .024 .122 
Table 1. (continued) 
9 10 11 12 13 14 15 16 17 18 19 
1. ACT_M 
2. CPA I 
3. GPACUM 
4. RISC 
5. ADVSTREC 
6. ADVST1DL 
7. IPRECD 
8. CPRECD 
9. PDRECD 
10. ASRECD .505** — 
11. APRECD .669** .550** 
12. AMNTADV .230* .072 .230* 
— 
13. SATISADV .416** .342** .461** .241* — 
14. CCESPC .461** .388** .431** .284** .556** 
15. CCESAF .154 .166 .185 .161 .234* .450** 
16. IRMS .213* .168 .300** .092 .262** .301** .165 
17. RCS .115 -.055 -.023 .129 -.013 -.038 .020 .026 
18. CAS .044 -.097 .056 .094 -.066 .004 .041 .019 .451** 
19. MSSE .076 -.002 .147 .079 .142 .127 .072 .123 .020 
Table I. (continued) 
Note: ACT M = ACT-Mathematics subtest score; CPA I = first-semester CPA; GPACUM = cumulative CPA; RISC = relational-
interdependent self-construal; ADVSTREC = advising style received; ADVSTIDL = advising style preferred; IPRECD = institutional policies 
advising received; CPRECD = career planning advising received; PDRECD = personal development advising received; ASRECD = academic 
skills advising received; APRECD = academic planning advising received; AMNTADV = amount of advising; SATISADV = satisfaction with 
advising; CCESPC' = professorial concern; CCESAF = classroom affiliation; IRMS = role model support; RCS = role conflict; CAS = higher-
level career aspirations; MSSE = math and science self-efficacy. 
*p < .01 **p<.001 
S 
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academic major, academic major in which they anticipated earning a bachelor's degree, occupation 
they were pursuing and years planning to work in that occupation, highest level of education they 
planned to attain, their parents' and oldest sibling's highest level of education, their parents' 
occupations, their marital and parental status, and their future plans for marriage and parenthood. 
Ability 
Given that academic ability has been shown to be related to career orientation and choice 
(Fassinger, 1985) and performance and persistence in nontraditional majors (Benbow & Aijmand, 
1990; Schaefers, Epperson, & Nauta, 1997), measures of participants' overall academic ability as well 
as their mathematical ability were included in this study. Antecedent measures included first-
semester grade-point averages (CPAs) and scores on the Mathematics subtest of the American 
College Test (ACT-Math). Cumulative GPAs were measured at the time of the study. All ability 
measures were obtained with students' permission from their official university records. 
Advising Experiences 
Advising experiences with professors were measured with a version of Winston and Sandor's 
(1984a, 1984b, 1986) Academic Advising Inventory (AAI) used by Alexitch (1997) (see Appendix B). 
The AAI consists of two main sections: the Advising Style scale and five scales assessing advising 
activities. Additional items on the AAI measure student satisfaction with advising and the amount of 
advising received from faculty per academic year. Alexitch (1997) slightly modified the original AAI 
items so that they tapped experiences specifically with university professors rather than advisors in 
general, included more contemporary advising activities reported by undergraduates and faculty, and 
better reflected the advising roles of professors other than designated or official faculty advisors. 
Advising Stvle. The Advising Style scale of the AAI was developed to measure advising 
style along the prescriptive-developmental advising continuum (Crookston, 1972) described in the 
previous chapter. Both received advising style and preferred advising style were measured with 14 
items, for a total of 28 items. Each item consists of a pair of statements, one prescriptive and one 
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developmental. For each item, participants chose the statement that best matched their received or 
preferred advising experience and then rated their level of agreement with the statement on an 8-point 
Likert-type scale (1 = strongly agree with the prescriptive statement, 8 = strongly agree with the 
developmental statement). Higher scores indicated a less prescriptive and more developmental 
advising style either received or preferred. 
Advising Activities. The original advising activities section of the AAI consisted of five 
scales: Personal Development and Interpersonal Relationships, Exploring Institutional Policies, 
Registration and Class Scheduling, Teaching Personal Skills, and Academic Majors and Courses. 
Alexitch (1997) clustered her modified advising activities items into the following five scales: 
Exploring Institutional Policies, Career Planning, Personal Development, Teaching Academic Skills, 
and Academic Planning. Similar to advising style, the frequency of both actual and preferred 
advising activities were measured with 21 items, for a total of 42 items. Participants rated the actual 
and preferred frequency of activities for each of the five scales above on a 5 point Likert-type scale ( 1 
= almost never, 5 = almost always). Higher scores indicated a higher frequency of actual or preferred 
advising activities. 
Satisfaction with Advising. Satisfaction with advising received from professors was 
measured with four items, each rated on a 5-point Likert-type scale ( 1 = strongly disagree, 5 = 
strongly agree). Higher scores indicated higher levels of satisfaction with advising received from 
professors. 
Amount of Advising. The amount of advising received from professors per academic year 
was measured by a composite index obtained by multiplying the number of advising sessions with 
faculty each academic year by the average duration of each advising session reported by students. 
The average duration of each advising session was categorized and coded as follows: 1 = less than Vi 
hour, 2 = Vi to 1 hour, 3 = 1 to I Vi hours, 4 = 1 xh hours to 2 hours, 5 = more than 2 hours. 
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Winston and Sandor (1984b) reported an internal consistency reliability (coefficient alpha) of 
.78 for the Advising Style scale with traditional-aged college students. Internal consistency 
reliabilities (coefficient alpha) for the Advising Style scale in this study were .67 for received and .84 
for preferred. Reliability estimates for the advising activities scales and satisfaction items were not 
reported by Winston and Sandor (1984b). Internal consistency reliabilities (coefficient alpha) for the 
received advising activities scales in this study were as follows: .69 for Institutional Policies, .86 for 
Career Planning, .75 for Personal Development, .70 for Academic Skills, and .82 for Academic 
Planning. Internal consistency reliabilities (coefficient alpha) for the preferred advising activities 
scales in this study were as follows: .70 for Institutional Policies, .79 for Career Planning, .74 for 
Personal Development, .76 for Academic Skills, and .70 for Academic Planning. 
Construct validity for the Advising Style scale was estimated using a contrasted groups 
method. Freshmen in a special admission group chosen to receive more intense, in-depth advising 
geared at academic, career and personal support reported receiving an advising style that was 
significantly more developmental than that reported being received by freshmen in general. The 
Advising Style scale correlated most highly with the Personal Development and Interpersonal 
Relationships scale of the advising activities section (Winston & Sandor, 1986). Overall satisfaction 
with advising was most closely positively associated with a developmental style of advising and with 
the Personal Development and Interpersonal Relationships scale of the advising activities section. 
Item intercorrelations for the satisfaction items ranged from .33 to .67, indicating that, as intended, 
each item measured a somewhat distinct aspect of student satisfaction with advising (Winston & 
Sandor, 1986). 
Compared to the general undergraduate sample that comprised the norm group for Alexitch's 
(1997) revised version of the Academic Advising Inventory, participants in the current study reported 
a more developmental style of advising received, t(165) = 4.21, jjc.OOl, and a less developmental 
style of advising preferred, t( 165) = -11.46, jk.00 1. The current sample did not differ from this norm 
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group in terms of the frequency of their overall received or preferred advising activities. Finally, the 
current sample reported being more satisfied with advising received from their professors than did 
students in the norm group for this measure, t(165) = 5.97, £<.001. 
Classroom Social Environment 
Classroom social environment was measured with the Professorial Concern and Affiliation 
scales from the College Classroom Environment Scales (CCES) (Winston, Vahala, Nichols, & Gillis, 
1989) (see Appendix C). The CCES was developed to measure undergraduate students' perception of 
their college classroom environment. The complete instrument consists of six scales: Cathectic 
Learning Climate, Professorial Concern, Inimical Ambiance, Academic Rigor, Affiliation, and 
Structure. Only the Professorial Concern and Affiliation scales from the CCES were used as these 
scales measure those aspects of a college classroom environment relevant to the purpose of the 
present study. Students indicated the degree to which statements were true of their classroom 
environment for their courses in math, engineering, and the physical sciences on a 5-point Likert-type 
scale ( 1 = never or almost never true, 5 = always or almost always true). 
Winston et al. ( 1994) established discriminant validity for the CCES by demonstrating that 
scores on all scales of the CCES were independent of preferred learning styles as measured by the 
Learning Style Inventory (Kolb, 1985). Students were also clearly able to distinguish between their 
preferred or ideal classroom environment and the actual or real environment in their classroom. 
Based on intercorrelations of CCES scales across three studies, Winston et al. (1994) concluded that 
the scales are relatively independent of each other and appear to measure different constructs. 
Professorial Concern. The Professorial Concern (PC) scale consists of 12 items that measure 
the degree to which students perceive the professor as being concerned about them as individuals. 
High scores on this scale described a classroom environment in which the professor is perceived as 
striving to foster students' educational and personal achievements, respecting students' ideas, 
showing empathy in her or his interactions with students, and being friendly, caring, and open. 
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Winston et al. ( 1994) reported a two-week test-retest reliability estimate of .71 for the PC 
scale. Internal consistency reliabilities (coefficient alpha) across three studies ranged from .87 to .90. 
Internal consistency reliability (coefficient alpha) for the PC scale in this study was .92. Scores on 
the PC scale have been moderately to moderately highly correlated in the appropriate direction with 
scores on scales designed to measure similar aspects of the college classroom environment (Winston 
et al., 1994). Vahala and Winston (1994) found that students at a large, public research university 
reported significantly lower scores on the PC scale than did students at two private, liberal art 
colleges and that, across institutions, students in laboratory science courses such as biology, 
chemistry, and physics reported significantly lower scores on the PC scale than did students in 
English composition courses. Participants in this study reported a lower level of perceived 
professorial concern than did students in the norm group for this measure, t( 166) = -10.51, gc.OOl 
(Winston et al., 1994). 
Classroom Affiliation. The Affiliation (AF) scale consists of six items that measure the 
degree to which students perceive a classroom environment in which cooperation and development of 
mature interpersonal relationships are valued. High scores on this scale described an environment 
that is perceived by students as supportive, friendly, student-centered, and promoting of informal 
interaction. 
Winston et al. (1994) reported a two-week test-retest reliability estimate of .54 for the AF 
scale but noted that an event had occurred between test and retest in the classroom that may have 
altered students' perception of the environment. Internal consistency reliabilities (coefficient alpha) 
across three studies ranged from .69 to .76 (Winston et al., 1994). Internal consistency reliability 
(coefficient alpha) for the AF scale in this study was .88. Scores on the AF scale have been 
moderately correlated in the appropriate direction with scores on scales designed to measure similar 
aspects of the college classroom environment (Winston et al., 1994). Participants in this study 
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reported a higher level of perceived classroom affiliation than did students in the norm group for this 
measure, t(166) = 5.05, gc.001 (Winston et al., 1994). 
Relational-Interdependent Self-Construal 
Relational-interdependent self-construal was measured with the Relational-Interdependent 
Self-Construal scale (RISC) (Cross, Bacon, & Morris, 2000) (see Appendix D). The RISC scale was 
developed to measure the degree to which one thinks of oneself in terms of relationships with close 
others. The scale consists of 11 items designed to measure the extent to which close others are 
included in the self-concept of the respondent. Examples of these items include, "My close 
relationships are an important reflection of who I am," and "When I think of myself, I often think of 
my close friends or family also." Participants rated their level of agreement with each of 11 
statements on a 7-point Likert-type scale ( 1 = strongly disagree, 7 = strongly agree). Scores were 
computed by summing participants' responses to each item and dividing the total by the number of 
completed items. The possible range of averaged scores was I to 7. High scores on the RISC scale 
indicated a high degree of thinking of oneself in terms of one's close relationships. 
Cross et al. (2000) reported the development, psychometric properties, and validation of the 
RISC scale. Using several samples, these researchers reported one-month test-retest reliability 
estimates of .74 and .76 and two-month test-retest reliability estimates of .73 and .63 among 
undergraduate students from introductory psychology courses. Internal consistency reliabilities 
(coefficient alpha) across eight samples ranged from .85 to .90, with a mean of .88. The internal 
consistency reliability (coefficient alpha) of the total scale in this study was .73. 
Analyses conducted by Cross et al. (2000) indicated that a single factor underlies the RISC 
scale, with the 11 items on the scale loading between .59 and .77 on this factor. Scores on the RISC 
scale were moderately correlated with other measures of interdependence and communalism (r = .41 
with the Communal Orientation Scale, r = .41 with the Interdependent Self-Construal Scale, and r = 
.37 with Collective Self-Esteem scores) and were not correlated with measures of independence, such 
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as the Independent Self-Construal measure (r = .08) and the instrumentality dimension of the Personal 
Attributes Questionnaire (r = -.06). Also, scores on the RISC scale were shown to be unrelated to 
measures of social desirability, depression, or satisfaction with life. Across all eight samples in their 
study, women scored significantly higher than did men on the RISC scale, with an average effect size 
of -.41. High scores on this measure were associated with a high degree of being influenced by a 
relationship partner, self-disclosure within that partnered relationship, the degree to which a partner is 
included in the self, and commitment to this relationship. There were not, however, strong 
associations between high RISC scale scores and the time spent with or the number of activities 
initiated with a relationship partner. Finally, high scores on the RISC scale were correlated with 
higher levels of perceived social support from others. Students in the current study rated themselves 
as having a lower level of relational-interdependent self-construal than did students in the norm group 
for this measure, t( 165) = -2.86, q=.005 (Cross et al., 2000). 
Math and Science Self-Efficacv 
Math Self-Efficacv. Self-efficacy for math-related coursework was measured using a version 
of the Math Courses subscale of the Mathematics Self-Efficacy Scale (MSE) (Betz & Hackett, 1983) 
revised by Shaeffers et al. (1997) to reflect high levels of mathematics proficiency (see Appendix E). 
Betz and Hackett's original Math Courses subscale of the MSE consists of 16 items designed to 
measure respondents' confidence in their ability to complete each of 16 math-related courses with a 
grade of "B" or better. Participants rated their confidence on a 10-point Likert-type scale ( 1 = no 
confidence at all, 10 = complete confidence), with low scores indicating low levels of confidence and 
high scores indicating high levels of confidence in one's ability to complete math-related courses with 
a "B" or better. Scores were computed by summing participants' responses to each item and diving 
the total by the number of completed items, yielding a range of averaged scores from 1 to 10. 
Betz and Hackett (1983) reported an internal consistency reliability (coefficient alpha) of .93 
and a range of item-total correlations from .33 to .73 for the math-related courses subscale of the 
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MSE. Lent, Lopez, and Bieschke (1991) reported a 2-week test-tetest reliability estimate of .94 for 
the Math Courses subscale of the MSE. In terms of validity, MSE scores have been related to interest 
in math-related college courses (Lent et al., 1991) and have been superior to other indicators of 
mathematics preparation and achievement as predictors of choosing a math-related college major 
(Hackett, 1985; Hackett & Betz, 1989). 
Schaefers et al. (1997) added 11 courses to Betz and Hackett s original 16 courses to avoid a 
ceiling effect when the scale is used with undergraduate students with high math ability. These 
authors consulted student advisors in the College of Engineering to identify appropriate additional 
courses such as multivariate calculus, linear algebra, and differential equations. The revised scale 
produced an internal consistency reliability (coefficient alpha) of .95 and correlated .91 with the 
original Math Courses subscale of the MSE, indicating that the scale's homogeneity and validity 
remained intact. In this study the revised scale produced an internal consistency reliability 
(coefficient alpha) of .96. Scores on the revised scale have contributed significantly to the prediction 
of persistence in science and engineering majors in previous research (Schaefers et al., 1997). 
Students in the current study reported a higher degree of math self-efficacy than did students in the 
norm group for this measure, t(l66) = 12.38, gc.001 (Betz & Hackett, 1983). 
Science Self-Efficacv. Self-efficacy for scientific and engineering occupations was measured 
with the a scale developed by Lent, Brown, and Larkin (1984) to measure students' perceived ability 
to fulfill the educational requirements of a variety of scientific and engineering occupations (see 
Appendix E). For each of 15 occupations, participants rated their confidence on a 10-point Likert-
type scale (I = no confidence at all, 10 = complete confidence), with low scores indicating low levels 
of confidence and high scores indicating high levels of confidence in one's ability to complete the 
education and training required for entrance into the occupation. Scores were computed by summing 
participants' responses to each item and diving the total by the number of completed items, yielding a 
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range of averaged scores from 1 to 10. Sample occupations on the science self-efficacy (SSE) scale 
included aerospace engineer, chemist, statistician, and electrical engineer. 
Lent et al. (1984) reported an 8-week test-retest reliability estimate of .89 for the scale. 
Internal consistency reliability (coefficient alpha) estimates of .89 and .95 were reported across two 
studies with undergraduates (Lent et al., 1984; Schaeffers et al., 1997). In this study the revised SSE 
scale produced an internal consistency reliability (coefficient alpha) of .95. Scores on this scale have 
been correlated in the appropriate direction with range of perceived career options in scientific fields 
and academic performance and persistence in scientific and technical majors (Lent et al., 1984, 1986, 
1987) and have contributed significantly to the prediction of persistence in science and engineering 
majors (Schaefers et al., 1997). Students in the current study reported a higher degree of science self-
efficacy than did students in the norm group for this measure, t(166) = 4.38, gc.001 (Lent et al., 
1986). 
Role Model Support 
Role model support was measured using an augmented version of the Influence of Role 
Model Scale (IRMS; Basow & Howe, 1975) (see Appendix F). The original IRMS was developed to 
measure the degree to which various role models influenced students' academic and career choices. 
In this study the IRMS was augmented in order to assess the degree to which various role models 
influenced participants' decisions to major and stay in the physical sciences, mathematics, or 
engineering. Six items were added to the scale's original eight items for a total of 14 items. Original 
items included mother, father, male teacher, female teacher, male friend, female friend, male adult, 
and female adult. The added items included sister(s), brothers), female math, science, or engineering 
teachers), male math, science, or engineering teachers), woman/women employed in math, science, 
or engineering, and man/men employed in math, science, or engineering. These items were added to 
make the scale more applicable to students in science, math, and engineering majors and to broaden 
the content domain. Participants responded to the items on a 7-point scale ( 1 = negative influence, 7 
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= positive influence) or indicated that the item was not applicable to them. Scores for the total scale 
were computed by summing participants' responses to each item and dividing the total by the number 
of items completed that were relevant to the respondent. The possible range of scores was thus 1 to 7, 
with high scores indicating a high level of perceived support from role models to major and stay in 
the physical sciences, mathematics, or engineering. 
Because the IRMS has typically been analyzed at the item level (Basow & Howe, 1979, 
1980; Hacket, Esposito, & O'Halloran, 1989), estimates of reliability for the entire instrument are 
limited. Nauta, Epperson, and Kahn (1998) reported a total scale reliability estimate (Cronbach's 
alpha) of .86 for the augmented version of the scale used in this study. Internal consistency 
(coefficient alpha) for the augmented version of the IRMS in this study was .93. The IRMS has 
strong face validity. The influence of several role models to pursue nontraditional careers as 
measured by the IRMS has been found to be a significant predictor of various career and educational 
variables, such as career salience, educational aspirations, and nontraditionality of college major and 
occupation choice (Hackett et al., 1989). Positivity of role model influence for pursuit of 
nontraditional majors has also been shown to be associated with higher degrees of belief in the 
compatibility between math, science, and engineering careers and family and marriage 
responsibilities for women and with higher self-efficacy expectation for achieving academic 
milestones in nontraditional fields, both of which were predictive of higher-level career aspirations 
within those fields among female undergraduates (Nauta et al., 1998). 
Role Conflict 
Beliefs in the compatibility of science careers with marriage and family responsibilities for 
women were measured using the Attitudes Toward the Compatibility of Science Careers with 
Marriage and Family Responsibilities Scale developed by Lips (1992) (see Appendix G). Participants 
rated their degree of agreement with statements developed to reflect attitudes toward women in 
science and engineering being able to successfully combine career and family responsibilities on a 5-
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point Likert-type scale (1 = strongly agree to 5 = strong disagree). Examples of these items include, 
"A woman who is really dedicated to a career in science or engineering would not be able to devote 
much time or energy to her family," and "For women, there is nothing incompatible about planning 
both a family and a top-level scientific or engineering career" (reverse scored). Total scores for the 
set of seven items were computed by summing participants' responses to each item and diving the 
total by the number of items responded to by the participant, yielding a possible range of average 
scores from 1 to 5. High scores on this set of items reflected more positive attitudes toward the 
compatibility of science careers with marriage and family responsibilities for women. 
Nauta et al. ( 1998) reported a reliability estimate (Cronbach's alpha) of .81 for this set of 
items, and Lips (1992) reported a reliability coefficient of .75. Internal consistency reliability 
(coefficient alpha) for these items in this study was .62. Evidence for the validity of this set of items 
was provided by a positive relationship between scores on the items and the selection of science-
related academic and career goals for female undergraduates (Lips, 1992) as well as a positive 
relationship between scores on these items and level of career aspirations for women in nontraditional 
fields (Nauta et al., 1998). 
Higher Level Career Aspirations 
Career aspirations within participants' chosen career field were measured with the Career 
Aspiration Scale (CAS, O'Brien, 1995) (see Appendix H). The CAS was developed to assess higher 
level career aspirations or goals and plans within the occupation they have chosen to pursue. 
Examples of items include, "I hope to become a leader in my career field," "I hope to move up 
through any organization or business I work in, " and "Attaining leadership status in my career is not 
that important to me " (reverse scored). Participants were asked to respond to 10 items on a 5-point 
Likert type scale ( 1 = not at all true of me, 5 = very true of me) in terms of their perception of 
themselves and their plans for the future. Average scale scores were computed by summing 
participants' responses to each item and dividing the total by the number of items responded to by the 
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participant, yielding a possible range of average scores from 1 to 5. High scores reflected higher level 
career aspirations within the participants' chosen field. 
Internal consistency estimates (Cronbach's alpha) reported for the CAS have ranged from .76 
to .80 (Nauta et al., 1998). Internal consistency reliability (coefficient alpha) for the CAS in this 
study was .60. Scores on this scale among female high school seniors have been positively correlated 
with measures of academic ability, number of semesters of math and science courses completed, 
career salience, and career self-efficacy (O'Brien, 1996), providing support for the scale's validity. 
Scores on the CAS were also, as expected, negatively correlated with measures of occupational 
traditionality and negative affectivity among female high school seniors (O'Brien, 1996), as well as 
negative attitudes toward the compatibility of science careers with marriage and family 
responsibilities for women among female undergraduates in science, math, and engineering majors 
(Nauta et al., 1998). 
Persistence 
In this study persisters were defined as those students who were still enrolled in a 
mathematics, engineering, or physical science major at the time of the study. Persisters (78.0% of the 
final sample) included students who changed majors within mathematics, engineering, or the physical 
sciences given they were still enrolled in one of these majors at the time of the study. Nonpersisters 
(22.0% of the final sample) were defined as those students who had switched from a major in 
mathematics, engineering, or the physical sciences to any major other than these prior to the time of 
the study. 
Procedure 
This study was conducted in accordance with the ethical principles of the American 
Psychological Association, and the proposed methodology was reviewed and approved by the Human 
Subjects Committee at Iowa State University. The Registrar's Office at ISU provided names and 
addresses for all students who met the selection criteria. Each eligible student was sent a letter 
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soliciting her or his participation (see Appendix I), an informed consent form (see Appendix J), 
instructions to complete an electronic version of the questionnaire (consisting of the measures in 
appendices A - H) on the world wide web (see Appendix K), and a postage-paid return envelope. An 
inducement to participate in the study was offered to potential participants of the opportunity to win 
one of three $100.00 prizes which would be awarded to randomly selected participants who returned 
their questionnaires by May 1,2000. On the informed consent form, respondents indicated their 
permission to obtain their ACT scores and grade point averages from their official university records. 
They also indicated their permission to enter their names in the drawing for one of the three $100.00 
prizes and supplied the address to which to send the prize if selected as a winner. Participants 
accessed the online questionnaire using a password of their choice, to ensure confidentiality. 
Eligible participants who had not returned the informed consent form and completed the 
questionnaire online within two weeks of the initial mailing were mailed a follow-up postcard 
reminder (see Appendix L). Eligible participants who had still not returned the informed consent 
form and completed the questionnaire online within an additional 10 days were mailed a second letter 
of solicitation (see Appendix M), a hard copy of the questionnaire, and a postage-paid return 
envelope. Eligible participants who returned consent forms and completed questionnaires by May 1, 
2000 were included in the final sample. The three winners of the $100.00 prizes were randomly 
selected, notified, and mailed their prize within two weeks of the deadline for completing and 
returning the questionnaire. 
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CHAPTER4 
RESULTS 
Chapter 4 is composed of four sections. The first section reports differences between women 
and men for key variables of interest in the current study. The second section reports differences 
between persisters and nonpersisters for main variables of interest in this study. The third section 
reports the results of hierarchical multiple regression procedures employed to evaluate the 
contribution of predictor variables to the prediction of math and science self-efficacy. The fourth 
section reports the results of hierarchical logistic regression procedures employed to evaluate the 
contribution of predictor variables to the prediction of persistence in the physical sciences, math, and 
engineering. 
Gender Differences 
Ability 
Three independent groups t-tests were used to test for gender differences in ability. As 
indicated in Table 2, no differences were found between female and male students in terms of first 
semester GPA, t[ 149) = -.31, g = .76, (M = 3.11, SD = .69, N = 151 for the entire sample) or 
cumulative GPA, t( 149) = -.93, g = .35, (M = 3.18, SD = .58, N = 151 for the entire sample). Male 
students, however, scored significantly higher than female students on the ACT Mathematics (ACT-
M) subtest, t( 132) = 2.81, g = .006. The mean ACT-M score for male students was 28.85 (SD = 
3.68), while that for female students was 26.96 (SD = 3.90). 
Preferred Advising Style 
An independent groups t-test was used to test the hypothesis that female students would 
prefer a more developmental style of advising (ADVSTIDL) than male students. No significant 
difference in preferred advising style was found between female and male students, t(163) = .93, g = 
.18, (M = 5.13, SD = 1.24,N = 165 for the entire sample) (see Table 2). 
Table 2. Means, Standard Deviations, and Significant Differences on Measures for Women and Men 
Women Men 
Measure M SD D M SD n 1 df E 
ACT-Mathematics 26.96 3.90 80 28.85 3.68 54 2.81 132 .006 
First Semester GPA 3.12 0.64 94 3.09 0.77 57 -0.31 149 .76 
Cumulative GPA 3.21 0.49 94 3.12 0.70 57 -0.93 149 .35 
Advising Style Preferred 5.20 1.23 103 5.02 1.26 62 0.93 163 .18 
Relational-Interdependent 
Self-Construal 
4.86 0.66 105 4.77 0.84 61 -0.73 164 .47 
Math and Science Self-
Efficacy 
13.84 3.67 105 15.81 3.02 62 3.59 165 .001 
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Relational-Interdependent Self-Construal 
An independent groups t-test was used to test for a gender difference in scores on the 
Relational-Interdependent Self-Construal scale (RISC). As indicated in Table 2, the t-test failed to 
reveal a gender difference in RISC scores, t( 164) = -.73, g = .47, (M = 4.83, SD = .73, N = 166 for 
entire sample). 
Math and Science Self-Efficacv 
An independent groups t-test was used to test for a gender difference in math and science 
self-efficacy. Given that math self-efficacy and science self-efficacy scores were found to correlate 
highly with each other in this sample, r(167) = .73, g < .001, a composite score for math and science 
self-efficacy (MSSE) was computed. MSSE scores were computed by summing participants' scores 
on the math self-efficacy and science self-efficacy scales, yielding a possible range of MSSE scores 
from 2 to 20 (M = 14.57, SD = 3.56 for the overall sample). The t-test revealed that male students 
scores significantly higher than female students on this measure of math and science self-efficacy, 
t( 165) = 3.59, e< .001. The mean MSSE score for male students was 15.81 (SD = 3.02), while that 
for female students was 13.84 (SD = 3.67) (see Table 2). 
Persistence 
A chi-square test was used to test for a gender difference in rates of persistence. As noted in 
the Participants section of the previous chapter, the persistence rates of women and men were not 
significantly different, Xl(l, N = 168) = 1.99, g = .16. 
Differences Between Persisters and Nonpersisters 
Table 3 presents means, standard deviations, and significant differences between persisters 
and nonpersisters on main variables of interest in the current study. As displayed in Table 3, 
persisters scored significantly higher than nonpersisters on the following variables: ACT-
Mathematics subtest, t( 132) = 3.53, g = .001; first semester GPA, t(149) = 3.44, g = .001; cumulative 
GPA, t(149) = 2.98, g = .003; satisfaction with advising, t(164) = 2.27, g = .025; professorial concern, 
Table 3. Means, Standard Deviations, and Significant Differences on Measures for Persisters and Nonpersisters 
Persisters Nonpersisters 
Measure M SD n M SD n ! df E 
ACT-Mathematics 28.30 3.76 107 25.44 3.72 27 3.53 132 .001 
First Semester GPA 3.21 0.63 117 2.76 0.79 34 3.44 149 .001 
Cumulative GPA 3.25 0.57 117 2.92 0.53 34 2.98 149 .003 
Relational-Interdependent Self-
Construal 
4.82 0.73 129 4.85 0.75 37 -0.21 164 .83 
Advising Style Preferred 5.08 1.22 128 5.32 1.31 37 -1.05 163 .30 
Advising Style Received 4.57 0.99 129 4.45 1.16 37 0.70 164 .49 
Advising Activities Preferred 16.51 2.60 128 17.68 2.17 37 -2.49 163 .014 
Advising Activities Received 11.99 2.96 129 11.33 4.01 37 1.09 164 .28 
Amount of Advising 9.51 15.08 129 7.72 11.62 36 0.66 163 .51 
Satisfaction with Advising 3.33 0.79 129 2.99 0.87 37 2.27 164 .025 
Professorial Concern 3.49 0.64 130 3.09 0.75 37 3.24 165 .001 
Classroom Affiliation 4.09 0.60 130 3.59 0.73 37 4.19 165 .001 
Role Model Support 5.55 0.76 130 5.06 1.07 37 3.14 165 .002 
Role Conflict 3.39 0.60 130 3.45 0.77 37 -0.45 165 .65 
Higher-level Career Aspirations 3.46 0.53 130 3.53 0.69 37 -0.65 165 .51 
Math and Science Self-Efficacy 14.96 3.53 130 13.22 3.38 37 2.67 165 .008 
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t(165) = 3.24, g = .001; classroom affiliation, t(165) = 4.19, g = .001; role model support, t(165) = 
3.14, g = .002, and math and science self-efficacy, t(165) = 2.67, g = .008. Nonpersisters preferred a 
higher frequency of advising activities than did persisters, t(163) = -2.49, g = .014. 
Prediction of Math and Science Self-Efficacy 
Overall Sample 
Hierarchical multiple regression analyses were used to evaluate the contribution of various 
predictor variables to math and science self-efficacy. Math and science self-efficacy (MSSE) was 
regressed on the following predictor variables: ability (a block of three variables: ACT-M scores, 
first-semester GPA, and cumulative GPA); gender; relational-interdependent self-construal; advising 
style received; the five advising activities scales (Institutional Policies, Career Planning, Personal 
Development, Academic Skills, and Academic Planning); amount of advising; satisfaction with 
advising; professorial concern; classroom affiliation; role model support; role conflict; and higher-
level career aspirations (CAS). It was expected that advising experiences with faculty (defined as 
advising style received, advising activities received, the amount of advising contact with faculty, and 
satisfaction with advising) and professorial concern would significantly contribute to the prediction of 
math and science self-efficacy. 
A model-building approach was used consisting of several steps. A summary of these 
hierarchical regression analyses is presented in Table 4. First, the block of ability variables and 
gender were each entered into the regression equation alone to determine their contribution to MSSE 
and whether they should be retained in subsequent model-building steps. The regression analyses 
revealed that the block of ability variables accounted for a significant amount (32.6%) of variance in 
MSSE, F(3,130) = 20.94, g < .001 (see Table 4). When entered alone, gender also accounted for a 
significant amount (7.2%) of the variance in MSSE, F(l, 165) = 12.86, g < 001. When both the block 
of ability variables and then gender were entered into the regression equation (their order of entry 
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Table 4. Summary of Hierarchical Multiple Regression Analyses Testing the Relative and Cumulative 
Contributions of Predictor Variables to the Prediction of Math and Science Self-Efficacy 
Model RÎ(AdjR^) B SEB B t E 
Ability Block .326(310) 
ACT-Mathematics .49 .07 .53 6.70 .001 
First Semester GPA -.51 .68 -.10 -0.75 .46 
Cumulative GPA 1.00 .78 .16 1.28 .20 
Ability Block .326 (.310) 
ACT-Mathematics .42 .07 .46 5.72 .001 
First Semester GPA -.51 .66 -.10 -0.77 .44 
Cumulative GPA 1.27 .76 .21 1.67 .10 
Gender .369 (.350) -1.59 .53 -.22 -2.98 .003 
Ability Block .326 (.310) 
ACT-Mathematics .43 .07 .47 5.90 .001 
First Semester GPA -.40 .65 -.08 -0.62 .54 
Cumulative GPA 1.14 .76 .19 1.51 .14 
Gender .369 (.350) -1.29 .55 -.18 -2.37 .019 
Higher-level Career 
Aspirations 
.390 (.366) .93 .45 .15 2.08 .040 
Ability Block .326 (.310) 
ACT-Mathematics .43 .07 .47 5.87 .001 
First Semester GPA -.41 .65 .08 -0.63 .527 
Cumulative GPA 1.00 .77 .17 1.31 .193 
Gender .369 (.350) -1.69 .53 -.23 -3.19 .002 
Academic Planning 
Advising Received 
.389 (.365) .74 .37 .14 2.01 .047 
Note: Cumulative model (model 3) R^ = .390, F(5,128) = 16.35, p < .001. 
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Table 4. (continued) 
Model Ë(Adj&!) B SE1 B t e 
5. Ability Block .326 (.310) 
ACT-Mathematics .44 .07 .48 6.02 .001 
First Semester GPA -.32 .65 -.06 -0.50 .62 
Cumulative GPA .90 .76 .15 1.19 .24 
Gender .369 (.350) -1.41 .54 -.19 -2.59 011 
Higher-level Career 
Aspirations 
.390 (.366) .87 .48 .14 1.94 .06 
Academic Planning 
Advising Received 
.406 (.378) .69 .37 .13 1.87 .06 
being based on the magnitude of their respective contributions to the variance in MSSE when entered 
alone), gender explained an additional 4.3% of the variance in MSSE beyond ability, a significant 
addition, 1(129) = -2.98, g = .003 (see Table 4). Analyses revealed that being male was positively 
associated with higher levels of science and math self-efficacy. Together, the block of ability 
variables and gender explained 36.9% of the variance in MSSE, F(4,129) = 18.88, e < .001. As such, 
the block of ability variables and then gender were included in further steps of the regression analyses 
for MSSE. 
Next, each of the remaining predictor variables listed above was entered into the regression 
equation alone, after the ability block and gender, to determine the contribution of each to the 
prediction of MSSE beyond ability and gender. The contributions of ability and gender were 
analyzed first because the relative contributions of the other variables to the prediction of math and 
science self-efficacy after accounting for ability and gender was a main point of interest in the current 
study. At this step in the model-building process, regression analyses revealed that higher-level 
career aspirations (CAS) and academic planning advising received each contributed significantly to 
the amount of variance accounted for in MSSE. None of the remaining predictor variables 
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contributed significantly to the prediction of MSSE for the overall sample. CAS increased the 
variance in MSSE explained beyond the block of ability variables and gender by 2.1 %, t( 128) = 2.08, 
g = .04 (see Table 4), while academic planning advising received increased the variance in MSSE 
explained beyond the block of ability variables and gender by 2.0%, t(128) = 2.01, g = .047. 
Analyses revealed that high degrees of both higher-level career aspirations and frequency of academic 
planning advising received were associated with higher levels of math and science self-efficacy. 
The next step involved examining the cumulative contribution of any significant predictor 
variables from previous model-building steps for the overall sample. Predictor variables found to 
contribute significantly to the variance in MSSE in previous steps were entered into the regression 
equation in descending order of the magnitude of the variance in MSSE they accounted for beyond 
the block of ability variables and gender. Thus, after the entry of the block of ability variables and 
gender, CAS was entered, followed by academic planning advising received. In this model, the 
addition of academic planning advising received did not significantly increase the proportion of 
variance in MSSE accounted for by the model that consisted of the block of ability variables, gender, 
and CAS, t(127) = 1.87, g = .064. The model that consisted of the block of ability variables, gender, 
and CAS accounted for a total of 39.0% of the variance in MSSE for the overall sample, F(5,128) = 
16.35, g <001 (see Table 4). 
Interaction of Gender 
The fourth step involved testing the interaction of gender with each of the predictor variables 
in an effort to determine if any of the regression analyses for MSSE should be performed separately 
by gender. Each gender interaction was tested by separately adding the two-way interactions of 
gender with each of the predictor variables to the main effects model for MSSE for the overall 
sample. This also allowed for testing of the hypothesis that advising experiences with faculty would 
have more bearing on math and science self-efficacy for women than for men. The variances of these 
predictor variables were similar for women and men. Beyond the main effects model, none of the 
66 
gender interactions were significant, indicating that gender did not moderate any of the observed 
relationships in the overall sample. 
Interaction of Relational-Interdependent Self-Construal 
The final step involved testing the interaction of relational-interdependent self-construal 
(RISC) scores with each of the predictor variables for the overall sample in an effort to determine if 
any of the regression analyses for MSSE should be performed separately by high versus moderate 
versus low levels of RISC. Each RISC interaction was tested by separately adding the two-way 
interactions of RISC with each of the predictor variables to the main effects model for MSSE. 
Beyond the main effects model, none of the RISC interactions were significant, indicating that RISC 
did not moderate any of the observed relationships in the overall sample. 
Prediction of Persistence in Science, Math, and Engineering 
Overall Sample 
Hierarchical logistic regression was used to evaluate the relative contributions of various 
variables to the prediction of persistence in physical science, math, and engineering majors. 
Persistence in physical science, math, and engineering majors was regressed on the following 
predictor variables: ability (a block of three variables: ACT-M scores, first-semester GPA, and 
cumulative GPA); gender, relational-interdependent self-construal; advising style received; the five 
advising activities scales (Institutional Policies, Career Planning, Personal Development, Academic 
Skills, and Academic Planning); amount of advising; satisfaction with advising; professorial concern; 
classroom affiliation; role model support; role conflict; higher-level career aspirations; and math and 
science self-efficacy. It was expected that advising experiences with faculty (defined as received 
advising style, actual advising activities, the amount of advising contact with faculty, and satisfaction 
with advising), and professorial concern would significantly contribute to the prediction of 
persistence in physical science, math, and engineering majors. 
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Logistic regression is appropriate when the criterion variable and some of the predictor 
variables are dichotomous. Logistic regression produces a log likelihood ratio (G), which is 
distributed similarly to a chi-square statistic and reflects the probability that the observed data are a 
function of unknown factors. When logistic regression is used to build and evaluate the effectiveness 
of a model in predicting a dichotomous criterion variable, the difference (Gg) between the G-value of 
a previous step and the G-value of the current step in which a variable or block of variables is added 
to the model is used to test for the significance of the new block. G% is also distributed as a chi-
square statistic. A statistically significant Gy indicates that the addition of the new variable or block 
of variables to the model has improved the model's ability to accurately predict the criterion variable 
by significantly reducing the model's overall log likelihood ratio, G. Furthermore, dividing G% by 
the G-value of the previous step yields an Rfj, statistic which varies in value between 0 and I and 
reflects the proportion of the G value in the previous step that is reduced by the addition of the current 
variable or block of variables. Additionally, in a study such as the current one, it is also possible to 
evaluate the effectiveness of various predictor variables in predicting the criterion variable by 
examining changes in the percentages of participants correctly classified as persisters and 
nonpersisters as each variable or block is added to the model. 
The model-building approach used consisted of several steps. Table 5 presents a summary of 
these hierarchical logistic regression analyses. Firs?, the intercept model (the model before any 
independent variables were added) was examined for its accuracy in predicting persistence. The G 
value for the intercept model was 134.66 (df=0). As the majority of participants in the current study 
were persisters (78.0%), the intercept model predicted that all of the participants were persisters. The 
correct classification of persisters was thus 100%, and the correct classification of nonpersisters was 
0%, as indicated in Table 6. The overall correct classification rate of 78.0% was then used as the 
baseline against which to evaluate other models for the entire sample. 
Table 5. Summary of Hierarchical Logistic Regression Analyses Testing the Relative and Cumulative Contributions of Predictor Variables to 
the Prediction of Persistence in the Overall Sample 
Model G df 0m E 
(a) Intercept 134.66 0 
Ability 118.34 3 16.32 3 .001 .121 
(b) Ability + Professorial Concern 111.10 4 7.23 1 .007 .061 
Ability + Classroom Affiliation 107.32 4 11.01 1 .0009 .093 
Ability + Role Model Support 109.26 4 9.08 1 .003 .077 
(c) Ability + Classroom Affiliation 107.32 4 11.01 1 .0009 .093 
Ability + Classroom Affiliation + Role Model Support 101.71 5 5.62 1 .018 .052 
Ability + Classroom Affiliation + Role Model 
Professorial Concern 
Support + 101.47 6 0.24 1 .63 .002 
(d) Ability + Classroom Affiliation + Role Model 
Gender 
Support + 99.12 6 2.59 1 .11 .025 
(e) Ability + Classroom Affiliation + Role Model 
Gender + (Gender X Role Model Support) 
Support + 86.67 7 12.44 1 .0004 .126 
Table 5. (continued) 
Note: G refers to the log likelihood ratio. GM, df^, and Rj, refer to the differences between (a) the intercept model and the intercept + ability 
model, (b) the ability model and each model, (c) each model and the cumulative model following it, (d) the cumulative model and the 
cumulative model + gender, and (e) the cumulative model + gender and the cumulative model + gender + the interaction between gender and 
role model support. Ability was measured by scores on the Mathematics subtest of the American College Test, first semester GPA, and 
cumulative GPA. 
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Table 6. Comparison of the Intercept, Ability, and Cumulative Models in Predicting Persisters, 
Nonpersisters, and Overall Accuracy in the Entire Sample 
Percentages Correctly Categorized 
Model Persisters Nonpersisters Overall 
Intercept 100.0 0.0 78.0 
Ability 97.2 11.1 79.9 
Cumulative 96.3 37.0 84.3 
Note: Ability was measured by scores on the Mathematics subtest of the American College Test, first 
semester GPA, and cumulative GPA. The cumulative model contains ability, classroom affiliation, 
and role model support. 
Next, the block of ability variables and gender were each entered into the regression equation 
alone to determine their contribution to the prediction of persistence and whether they should be 
retained in subsequent model-building steps. As with the prediction of MSSE, the contributions of 
ability and gender were analyzed first because the relative contributions of the other variables to the 
prediction of persistence after accounting for ability and gender was a main point of interest in the 
current study. Gender did not reduce the G value from the intercept model significantly, Gy (df = I) 
= 2.06, g = .15, so it was not retained in subsequent analyses. The block of ability variables, 
however, did significantly reduce the G value from the intercept model by 12.1%, G# (df = 3) = 
16.32, = .001, demonstrating that the ability block significantly improved the model's fit with the 
data (see Table 5). The ability block improved the intercept model's overall percentage of correct 
classifications from 78.0 % to 79.9% (see Table 6). Analyses revealed that the odds of persisting 
increased as scores on the ability measures increased. Given its unique contribution to the prediction 
of persistence, the ability block was retained in further models. 
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In the third step, each of the remaining predictor variables listed above was entered into the 
regression equation alone, after the ability block, to determine the contribution of each to the 
prediction of persistence beyond ability. Analyses revealed that professorial concern, classroom 
affiliation, and role model support each added significantly to the prediction of persistence beyond the 
ability block, significantly reducing G from the previous step (see Table 5). Professorial concern 
reduced G from the previous step by 6.1%; classroom affiliation reduced G from the previous step by 
9.3%; and role model support reduced G from the previous step by 7.7%. Each of professorial 
concern and classroom affiliation improved the model's overall percentage of correct classifications 
(from the model with the ability block alone) from 79.9% to 81.3%. Role model support improved 
the model's overall percentage of correct classifications from 79.9% to 85.1%. Analyses revealed 
that higher levels of each of professorial concern, classroom affiliation, and role model support were 
associated with increased odds of persisting. None of the other predictor variables significantly 
improved the model's fit with the data beyond the ability block. 
The next step involved examining the cumulative contribution to the prediction of persistence 
of the variables that were found to make a significant contribution in previous steps. The ability 
block was entered first, with the remaining significant variables entered in descending order of the 
magnitude of their reduction of G in previous steps. Variables were thus entered as follows: the 
ability block, followed by classroom affiliation, role model support, and professorial concern. The 
model was examined with each addition to determine if the new variable significantly reduced the G 
value from the previous step and improved the model's ability to predict persistence. As indicated in 
Table 5, the addition of role model support to the model including the ability block and classroom 
affiliation significantly reduced the G value from the previous model, Rj, = .052, G% (df = 1) = 5.62, 
g = .018. The addition of professorial concern to the ability + classroom affiliation + role model 
support model, however, did not significantly improve the model's fit to the data. The resultant 
cumulative model including the ability block, classroom affiliation, and role model support reduced 
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the G value of the intercept model by 24.5%, a magnitude of 32.95 (df = 5, g < .001), and resulted in 
an overall correct classification rate of 84.3% (96.3% of persisters and 37.0% of nonpersisters) (see 
Table 6). 
Interaction of Gender 
The fifth step involved testing the interaction of gender with each of the predictor variables 
for the overall sample in an effort to determine if any of the analyses should be performed separately 
by gender. Each gender interaction was tested by separately adding the two-way interactions of 
gender with each of the predictor variables to the main effects model for persistence in the overall 
sample. This also allowed for testing of the hypothesis that advising experiences with faculty would 
have more bearing on persistence in physical science, math, and engineering majors for women than 
for men. Again, the variances of these predictor variables were similar for women and men. 
The only gender interaction that added significantly to the main effects model was that 
between gender and role model support, G^ (df = 1) = 12.44, j> = .0004 (see Table 5). The addition 
of the gender X role model support term to the model reduced the G value from the previous step by 
12.6% and resulted in an overall correct classification rate of 88.1%. This result indicated that the 
above reported relationships regarding the significant predictor variables and persistence should be 
analyzed separately by gender. 
As was done with the overall sample, the intercept models for female and male students were 
examined for their accuracy in predicting persistence among women and men, respectively. The G 
value for the intercept model for female students was 87.71 (df = 0), and that for male students was 
45.30 (df = 0). As the majority of female and male participants in the current study were persisters 
(74.5% for women and 83.9% for men), the intercept models for each gender predicted that all of the 
female and male participants were persisters. The correct classification of both female and male 
persisters was thus 100%, and the correct classification of female and male nonpersisters was 0%. 
73 
The overall correct classification rates of 74.5% and 83.9% were then used as the baselines against 
which to evaluate other models for female and male participants, respectively (see Table 8). 
Separate logistic regression analyses were then run by gender for, first, the model including 
ability alone. As indicated in Table 7, for women, the block of ability variables significantly reduced 
the G value from the intercept model, G%(df = 3) = 8.33, g = .040, and improved the intercept 
model's overall percentage of correct classifications from 74.5% to 76.3%. For men, the block of 
ability variables also significantly reduced the G value from the intercept model, G% (df = 3) = 8.92, g 
= .030, and improved the intercept model's overall percentage of correct classifications from 83.9% 
to 85.2%. Subsequent models were evaluated against these baselines for women and men, 
respectively. For both women and men, analyses revealed that higher ability was associated with 
increased odds of persisting. 
A next step involved running separate analyses by gender for the model including ability, 
classroom affiliation, and role model support (in that order of entry), which was the cumulative model 
previously found to provide the best fit to the data in the overall sample. The model was examined 
with each addition to determine if the new variable significantly reduced the G value from the 
previous step. These analyses revealed that, for women, the addition of classroom affiliation 
significantly reduced the G value beyond the ability block by 11.8%, G^(df = I) = 9.34, g = .002, 
and thus significantly improved the model's fit with the data beyond ability (see Table 7). The 
addition of classroom affiliation beyond the block of ability variables improved the model's overall 
percentage of correct classifications from 76.3% to 83.8% for women. For men, however, classroom 
affiliation did not significantly reduce the G value from the model including the block of ability 
variables alone and thus did not improve the model's fit with the data. 
For women, the addition of role model support to the ability + classroom affiliation model did 
not improve the model's fit to the data. For men, however, the addition of role model support to the 
ability + classroom affiliation model significantly reduced the G value from the previous step, Rj. = 
Table 7. Summary of Hierarchical Logistic Regression Analyses Testing the Relative and Cumulative Contributions of Predictor Variables to the 
Prediction of Persistence for Women and Men 
Women Men 
Model G df Gm dfci E El G df 0m df*! E El 
(a) Intercept 87.71 0 45.30 0 
Ability 79.38 3 8.33 3 .040 .095 36.39 3 8.92 3 .030 .197 
Ability + Classroom Affiliation 70.05 4 9.34 1 .002 .118 35.52 4 0.87 1 .35 .024 
Ability + Classroom Affiliation + 70.03 5 0.01 1 .90 .0002 12.65 5 22.87 1 .0001 .644 
Role Model Support 
(b) Ability + Role Model Support 77.95 4 1.44 1 .23 .018 13.32 4 23.07 1 .0001 .634 
Note: G refers to the log likelihood ratio. GM, djg. and R^ refer to the differences between (a) each model and the cumulative model following it, 
and (b) the ability model and the ability + role model support model. Ability was measured by scores on the Mathematics subtest of the American 
College Test, first semester GPA, and cumulative GPA 
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Table 8. Comparison of the Intercept, Ability, and Cumulative Models in Predicting Persisters, 
Nonpersisters, and Overall Accuracy for Women and Men 
Percentages Correctly Categorized 
Model 
Women Men 
Persisters Nonpersisters Overall Persisters Nonpersisters Overall 
Intercept 100.0 0.0 74.5 100.0 0.0 83.9 
Ability 95.1 15.8 76.3 97.8 12.5 85.2 
Cumulative 96.7 42.1 83.8 95.7 62.5 90.7 
Note: Ability was measured by scores on the Mathematics subtest of the American College Test, first 
semester GPA, and cumulative GPA. The cumulative model for women contains ability and 
classroom affiliation. The cumulative model for men contains ability and role model support. 
.644, Gy (df = I) = 22.87, g < .0001, and thus significantly improved the model's fit to the data. The 
addition of role model support to the ability + classroom affiliation model improved the model's 
overall percentage of correct classifications from 87.0% to 90.7% for men. 
Finally, in terms of analyzing that data separately by gender with regard to persistence, 
separate logistic regression analyses were run by gender in which the block of ability variables was 
entered first, followed by a second block consisting of classroom affiliation and role model support. 
At this point a forward stepwise method of entry was used for the second block of variables to 
determine the relative and cumulative contributions of these variables to the prediction of persistence 
for women as compared to men (see Table 7). Analyses revealed that the model that provided the 
best fit to the data for women included the ability block and classroom affiliation, resulting in an 
overall correct classification rate of 83.8% (96.7% of persisters and 42.1% of nonpersisters) (see 
Table 8). The model that provided the best fit to the data for men included the ability block and role 
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model support, resulting in an overall correct classification rate of 90.7% (95.7% of persisters and 
62.5% of nonpersisters.) 
Interaction of Relational-Interdependent Self-Construal 
The final step involved testing the interaction of relational-interdependent self-construal 
(RISC) scores with each of the predictor variables for the overall sample in an effort to determine if 
any of the analyses should be performed separately by high versus low levels of RISC. Each RISC 
interaction was tested by separately adding the two-way interactions of RISC with each of the 
predictor variables to the main effects model for persistence. This allowed for testing of the 
hypothesis that advising experiences with faculty and role model support would have more bearing on 
persistence in physical science, math, and engineering majors for those with higher compared to 
lower levels of interdependent self-construal. Beyond the main effects model, none of the RISC 
interactions were significant, indicating that level of relational-interdependent self-construal did not 
moderate any of the observed relationships. 
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CHAPTER 5 
DISCUSSION 
This study examined several variables that have been linked to participation in the physical 
sciences, mathematics, and engineering (PSME) at the undergraduate level. The particular focus of 
the current study was the extent to which advising experiences with faculty, classroom social 
environment, relational-interdependent self-construal, and math and science self-efficacy, both 
individually and in combination, contribute to the prediction of persistence in PSME. Given that 
women continue to be underrepresented in nontraditional disciplines, special attention was given to 
the persistence of women in PSME majors. In general, findings from linear and logistic regression 
procedures failed to support a significant link between advising experiences with professors in PSME 
majors and math and science self-efficacy and persistence in those majors. Results did offer support, 
however, for the importance of some relationship factors for persistence in these majors, and suggest 
that different factors may contribute to the prediction of persistence in these disciplines for women 
versus men. A discussion of the main findings of the present study is detailed below. Chapter 5 
concludes with a discussion of the limitations of the current study and implications for future research 
and applied interventions. 
Summary of the Findings 
Preferred Style of Advising 
It was predicted that female students would prefer a more developmental style of advising 
from their professors in PSME than would male students. Results of the current study did not support 
this hypothesis. Analyses revealed that women and men preferred a similar level of developmental 
advising from their professors in PSME. Scores on the measure of preferred advising style indicated 
that overall students preferred a slightly more developmental than prescriptive style of advising from 
their professors in PSME in which both personal and academic issues are discussed and the professor 
collaborates with the student while encouraging the student to take the bulk of responsibility for 
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making decisions. This finding diverges from previous research indicating that female students 
preferred a more developmental style of advising than did male undergraduates (Alexitch, 1997). It is 
of note, though, that the majority of students in Alexitch's study were enrolled in the social sciences 
and arts and humanities, while the majority of students in the current study were enrolled in PSME 
majors. Perhaps female and male students who are pursuing degrees in PSME majors are more 
similar in their advising preferences than are female and male undergraduates on the whole. 
Prediction of Math and Science Self-Efficacv 
It was also predicted that a developmental style of advising, advising contact with faculty, 
and professorial concern would contribute to the prediction of math and science self-efficacy for all 
students. This prediction was based on previous research indicating that faculty encouragement is 
predictive of academic and occupational self-efficacy for science and engineering among 
undergraduates (Hackett et al., 1992). Results of the current study only partially supported this 
hypothesis. Beyond ability and gender, it was found that academic planning advising received from 
professors in PSME predicted students' math and science self-efficacy. Analyses revealed that, for 
all students, a higher frequency of academic planning advising received was associated with higher 
levels of math and science self-efficacy. Academic planning advising activities include discussing 
such things as grades, tests, assignments, purposes of a university education, preparation for 
graduate/professorial school, and academic goals. When students' degree of higher-level career 
aspirations was accounted for, however, academic planning advising received no longer contributed 
to the prediction of math and science self-efficacy. The style of advising (developmental vs. 
prescriptive) students received from faculty in PSME, the amount of advising students received per 
academic year, and the degree to which students perceived professors in their PSME classes to be 
concerned about them as individuals did not contribute to the prediction of students' math and science 
self-efficacy. One reason for the failure of the current study to find a link between (1) advising 
experiences and professorial concern and (2) math and science self-efficacy could be due to the 
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different operationalizations of advising experiences and professorial concern from Hackett et al.'s 
(1992) previous operationalization of faculty encouragement. In their study, Hackett et al. measured 
faculty support as responses from faculty that were more directly reflective of encouragement to 
pursue science or engineering fields, such as "You are well-suited to engineering /scientific fields," 
than would be a part of general advising and professorial concern. Perhaps, then, it is those 
interactions with faculty that more directly reflect support or encouragement to pursue PSME majors 
that would be related to math and science self-efficacy for students in those majors. 
It appears that, when accounting for ability and gender, students' higher-level career 
aspirations are more predictive of their self-efficacy for math and science coursework than are their 
advising experiences. As students' degree of higher-level career aspirations increased, their self-
efficacy for math and science coursework increased. Viewing students as active shapers of their 
futures (Borgen, 1991), it seems plausible to posit that those students who aspire to higher-level 
leadership positions within PSME upwardly adjust their confidence in their ability to complete 
coursework required to attain a degree in PSME, a necessary step toward their career aspirations. 
Alternately, it may be that math and science self-efficacy predicts higher-level career aspirations 
within PSME, a proposition supported by previous findings for undergraduate women in PSME 
(Nauta et al., 1998). Prediction of career aspirations in PMSE, however, was not the focus of the 
current study. 
Regarding gender differences in the relationships between students' advising experiences and 
their math and science self-efficacy, it was predicted that advising experiences with PSME professors 
and perceptions of professorial concern would have more bearing on math and science self-efficacy 
for women than for men. This prediction stemmed from the self-in-relation model of women's 
identity development which posits that a woman's sense of competence stems from her feelings of 
connectedness to others and the responsiveness present in her relationships (Gilligan, 1982; Miller, 
1991; Surrey, 1991) and from previous research indicating that a woman's sense of confidence is 
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more dependent upon the personal responses she is able to evoke from faculty than is a man's 
(Seymour, 1992,1995). Results of the current study did not support a stronger link for women than 
men between advising experiences with PSME faculty and professorial concern and students' math 
and science self-efficacy. In the current sample, it did not appear that advising experiences with 
PSME faculty significantly contributed to either women's or men's self-efficacy. 
Prediction of Persistence in PSME Majors 
An unexpected finding in this study was that, beyond ability, math and science self-efficacy 
did not contribute to the prediction of persistence in PSME majors. Social cognitive theory of career 
development (Lent et al., 1994,2000) posits that self-efficacy would contribute to the prediction of 
persistence, a position that has received empirical support (Betz, 1997; Lent, Brown, & Larkin, 1984; 
Schaefers et al., 1997). Results of this study, however, did not demonstrate a link between math and 
science self-efficacy and persistence when ability was accounted for. One possible explanation for 
this lies with the fact that, in the current study, the most significant predictor of persistence of the 
three ability measures was the ACT mathematics subtest score, which was highly correlated with 
math and science self-efficacy (r =.563, gc.001). It is likely that the ACT mathematics score and 
math and science self-efficacy in this sample shared so much of their variance that, when ability's 
contribution to the prediction of persistence was accounted for, there was not enough remaining 
variance in math and science self-efficacy to make its own contribution to the prediction of 
persistence. The observed lack of relationship between math and science self-efficacy and 
persistence beyond ability in PSME majors in this study requires replication for further conclusions to 
be drawn. 
Developmental style of advising, advising contact with faculty, and professorial concern were 
also hypothesized to contribute to the prediction of persistence in PSME majors for all students in the 
current study, based on previous research linking interaction with and encouragement from faculty 
with persistence in PSME (Metzner, 1989; Schaefers et al., 1997; Stoecker et al., 1988). The 
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hypothesized relationship between advising experiences and persistence in PSME was not supported 
by the results of the current study. Analyses revealed that advising experiences with professors did 
not contribute to the prediction of persistence in PSME. Professorial concern, however, was found to 
add to the prediction of persistence in PSME across all students, after controlling for ability. It 
appears that students' perceptions of their professors in PSME as being friendly, caring, open, 
empathetic, and respectful of students may increase the odds of students persisting in PSME majors. 
It is of note, though, that when the influence (beyond ability) of classroom affiliation and role model 
support on persistence in PSME was taken into account, professorial concern no longer added to the 
prediction of persistence in PSME. It can therefore be concluded that students' perceptions of a 
cooperative, student-centered classroom environment and a higher level of support from role models 
to pursue PSME degrees likely play a more important role in increasing the odds of persistence in 
PSME majors than do perceptions of professorial concern. 
Regarding gender differences in the relationships between students' advising experiences and 
persistence in PSME, it was predicted that advising experiences with PSME professors and 
perceptions of professorial concern would have more bearing on persistence in PSME for women 
than for men. This prediction stemmed from previous research indicating that a woman's persistence 
in PSME is more dependent upon the personal responses she is able to evoke from faculty than is a 
man's (Seymour, 1992, 1995) and from the self-in-relation model of women's identity development 
which posits that a woman may persist longer in those environments in which she feels more 
connected to others and perceives a higher level of responsiveness present in her relationships in that 
environment (Gilligan, 1982; Miller, 1991; Surrey, 1991). Results of the current study did not 
support a stronger link for women than men between advising experiences with PSME faculty and 
professorial concern and persistence in PSME. In the current sample, it did not appear that advising 
experiences with PSME faculty significantly contributed to either women's or men's persistence in 
PSME. 
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Analyses did reveal, however, that different factors may play prominent roles in women's as 
compared to men's career development in PSME, as has been suggested by others (Fitzgerald et al., 
1995; Hackett, 1997; Hackett and Lent, 1992; Ware et al., 1985). Results of this study suggest that a 
critical factor in women's persistence in PSME majors may be their perceptions of classroom 
affiliation in their PSME courses. Classroom affiliation is here defined as a classroom environment 
in which cooperation and the development of mature interpersonal relationships are valued, informal 
interaction among students is promoted, and students perceive the class as supportive, friendly, and 
student-centered. Beyond ability, perceptions of classroom affiliation improved the correct 
classification of female nonpersisters by 160%, from 16% to 42%, with a slight increase in the correct 
classification rate of female persisters, from 95% to 97%. It appears that, for women in PSME, 
perceptions of higher levels of classroom affiliation increase the odds that those women will persist in 
their major. It has previously been found that perceptions of teacher support and classroom 
competitiveness contribute to the prediction of persistence for both female and male students 
majoring in engineering disciplines (Schaefers et al., 1997); the present study suggests that it is 
perceptions of a cooperative classroom environment more so than perceptions of professorial concern 
or teacher support that influence women to persist in nontraditional majors. 
As some authors have pointed out (Borgen, 1991; Fitzgerald et al., 1995), exploration of 
women's career development can lend itself to a better understanding of men's career development, 
the present study being a case in point. In terms of men's career development, results of the current 
study indicate that a critical factor in men's persistence in PSME majors may be the level of support 
or encouragement they receive from role models to pursue their major. Beyond ability and 
perceptions of classroom affiliation, support from role models to pursue a PSME degree did not 
improve prediction of persistence in PSME for female students, but role model support significantly 
improved prediction of persistence for male students. Beyond ability, role model support improved 
the correct classification of male nonpersisters by 400%, from 13% to 63%, with just a two-
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percentage-point decrease in the correct classification rate of male persisters, from 98% to 96%. For 
men in PSME, it appears that higher levels of encouragement from role models to pursue PSME 
degrees increases the odds of persisting in those majors. 
A final hypothesis of the current study was that advising experiences with PSME professors, 
perceptions of professorial concern, and role model support for pursuing a PSME degree would have 
more bearing on persistence in PSME majors for those with higher compared to lower levels of 
relational-interdependent self-construal. This prediction was based on previous evidence that high 
levels of social support were associated with a greater likelihood of continued enrollment in 
engineering for undergraduates with high interdependent self-construal but not for students with low 
interdependent self-construal (Cross & Vick, in press). Results of this study did not support this 
hypothesis. In the prediction of persistence in PSME, there were no significant interactions between 
(1) measures of advising experiences, professorial concern, and role model support and (2) the 
measure of relational-interdependent self-construal, indicating that interdependent self-construal did 
not moderate the relationships between these potential predictors of persistence and persistence itself. 
Overall, students in the current sample identified themselves as having a level of interdependent self-
construal just slightly above the mean on the measure, and it should be noted that there was little 
variance in participants' ratings of their self-construal. Women and men in the current study did not 
differ in their ratings of relational-interdependent self-construal. Previous theoretical work in the area 
of interdependent self-construal suggests that women would rate themselves as having higher levels 
of relational-interdependent self-construal than men (Cross & Madsen, 1997), yet empirical evidence 
on this matter is mixed (Cross, Bacon, & Morris, 2000; Cross & Vick, in press). 
Results of the current study could be interpreted as evidence that women and men do not 
differ in terms of their levels of interdependent self-construal. It is also possible, however, that 
women who choose to pursue degrees in PSME disciplines are not representative of female 
undergraduates or of women in general in terms of their self-construal. Perhaps women who choose 
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to pursue degrees in PSME disciplines do not base their sense of themselves on the connectedness 
present in their relationships to the same extent that women in general do, instead defining their 
identities more similarly to how men are theorized to define their identities, based primarily on their 
abilities, traits, and interests. Such a supposition would be supported by previous research indicating 
that female and male undergraduates in engineering do not differ in their levels of interdependent 
self-construal and that women in engineering majors are less interdependent than women in other 
majors (Cross & Vick, in press). 
Limitations 
Given that the current study was not experimental or longitudinal in design, causal 
relationships among the predictor and criterion variables cannot be inferred. This study primarily 
used self-report measures, some of which were retrospective in nature. As memories of past 
experiences can be influenced by current experiences, the results obtained in this study would be 
more reliable if objective measures of the variables of interest were used or a longitudinal design 
involving concurrent self-report measures was employed. In particular, this study asked studetns to 
retrospectively rate their advising experiences with advisors. Given that individuals are known to 
reduce cognitive dissonance over time by shifting their attitudes to be more consistent with their past 
choices (Jonas, Schulz-Hardt, Frey, & Thelen, 2001), it is possible that nonpersisters in the current 
study rated their experiences with advisors as less satisfying than they would have rated those 
advising experiences at the time they occurred, thereby "justifying" their choices to change majors. 
The majority of students who participated in this study were enrolled as undergraduates at a 
single institution, Iowa State University (ISU), at the time of the study, and all participants had at one 
point in time been enrolled at ISU. It is possible, then, that the current sample of students is not 
representative of students at other institutions of higher learning, and the results of the present study 
may not be generalizable to students at other institutions. Given that the main focus of the current 
study was to examine relationships between advising experiences and retention in PSME majors, it is 
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important to point out that other institutions may have different systems of advising than that used at 
ISU, which could influence students' experiences with professors in their PSME courses. For 
example, if students at ISU had not been assigned a professional advisor, they may have been more 
likely to seek out a higher level of interaction and guidance from faculty in PSME, which could 
impact their ratings of advising experiences with their professors. Replication of the current study's 
results with students from other institutions across the country, including other large, research-based 
institutions as well as smaller liberal arts schools and community colleges with various advising 
systems, would be needed to establish the validity of the findings for the larger population of 
undergraduate students. 
Almost 90% of the participants in this study identified themselves as Caucasian American. 
As such, the extent to which the present study's findings may represent the experiences of students of 
other ethnic backgrounds is questionable. Additionally, most of the students in this study were in their 
early twenties, which raises questions about how well the results represent the experiences of 
nontraditionally-aged undergraduates. Students with a higher degree of life experience outside of a 
college setting may approach their education and their relationships with professors in different ways 
than do traditionally-aged college students. It should also be noted that findings of this study are not 
generalizable to retention in careers or to career adjustment. 
One area of concern in the present study was the low overall response rate of participants 
(22%), and the fact that the response rate for women (27%) was significantly higher than that for men 
( 16%), which resulted in more women than men being included in the sample. Concerning the low 
response rate, it is likely that several potential participants were dissuaded from participation by the 
length of the survey questionnaire. One of the disadvantages of conducting a study such as the 
present one in which an attempt is made to investigate several factors that have been either theorized 
or demonstrated to be related to an outcome variable is that inclusion of established measures to tap 
several constructs results in a questionnaire that is intimidating to potential participants in its length. 
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In the current study, the use of the online version of the survey questionnaire was an attempt to 
increase the response rate of participants, working from the assumption that students who were at one 
time enrolled in a technical field would have a high level of familiarity with computers and the 
internet and would therefore be more likely to complete the survey online than using a hard copy. It 
did not appear, however, that presenting the lengthy questionnaire online increased the response rate. 
Relatedly, it was not possible to counterbalance the order in which the scales were presented to 
participants in the online version of the questionnaire used in this study. As such, it could be possible 
that scale order effects influenced the results of this study in a way that cannot be determined. 
Concerning the higher response rate of women than men, the findings of this study may be 
more representative of the experiences of college women than men. Also, because not all of the 
original sample was enrolled at ISU at the time of the study, the persistence rates and other 
characteristics of nonrespondents was unknown. This made comparison of the persistence rates and 
other background factors for respondents versus nonrespondents unfeasible. Future studies could 
anticipate this and identify more sophisticated tracking methods in order to compare respondents and 
nonrespondents on a larger number of potentially relevant factors. 
A related area of concern in this study was that there were more persisters than nonpersisters 
in the sample, and the skewed distribution could have limited the models' ability to identify 
nonpersisters. Results indicated that the models identified for predicting persistence in this study 
were much more accurate in predicting persisters than in predicting nonpersisters, in the overall 
sample and for women and men separately. Although accurate prediction of those who will persist in 
PSME majors and those factors that may facilitate retention is desirable, models with limited ability 
to accurately predict nonpersisters make it difficult to identify and then target interventions for those 
at risk of attrition from PSME majors. 
Finally, the measures used for role conflict and higher-level career aspirations yielded low 
internal consistency reliability estimates in this study. The role conflict measure yielded a coefficient 
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alpha of .62, and the Career Aspiration Scale yielded a coefficient alpha of .60. The questionable 
levels of internal consistency for these two measures would make it less likely that an association 
would be found between either of these measures and persistence in PSME majors. It could be the 
case, then, that a relationship exists between role conflict and persistence and/or between higher-level 
career aspirations and persistence in PSME disciplines, but that the measures of role conflict and 
higher-level career aspirations used in this study were not statistically adequate to reveal such 
relationships. 
Implications 
With its limitations noted, the current study has several implications for future theory 
development, research, and applied interventions. 
Theory and Research 
The present study's finding that higher-level career aspirations in PSME disciplines may 
contribute to the prediction of math and science self-efficacy for undergraduate students calls for 
further exploration. Given that previous research indicates that math and science self-efficacy may 
contribute to higher-level career aspirations in technical fields (Nauta et al., 1998), further research 
could help clarify the nature of the relationship between these variables, and their impact on 
persistence in PSME majors. Longitudinal designs could identify if changes in level of career 
aspirations in PSME precede or follow changes in math and science self-efficacy. If it is indeed the 
case that higher-level career aspirations in PSME disciplines predict math and science self-efficacy, it 
would follow that students may adjust their judgments of their ability to perform career-related tasks 
to match their level of aspirations within their chosen career, which would support the concept of 
human agency in career behavior, a construct arguably implicit in many theories of career 
development (Borgen, 1991). 
As noted above, the findings of the current study suggest that different factors may play 
prominent roles in women's as compared to men's career development in PSME. It seems, then, that 
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future investigations into career development in nontraditional fields would be well-served to include 
both women and men in their samples. Many researchers have held that the career behavior of 
women is in some ways more complex than that of men, and thus requires attention be paid to factors 
previously unexplored in general models of career development (Fitzgerald et al., 1995; Hackett, 
1997; Hackett & Lent, 1992). The results of the current study, though, suggest that for those pursuing 
nontraditional careers, women's career behavior may not so much be more complex than men's but, 
rather, influenced by different factors. 
It is interesting that a factor often conceptualized to be important in the career development of 
women pursuing nontraditional careers, that being encouragement from role models to pursue those 
careers, did not contribute to the prediction of persistence for women in this sample, but did 
significantly contribute to the prediction of persistence for men in this sample. Concerning the career 
development of men in PSME fields, future research could focus on identifying critical role models 
for men's persistence in PSME majors. Given that the influence of role model support on persistence 
in PSME majors was not a main focus of the current study, item analyses for the role model support 
items were not conducted. Future studies, however, could incorporate analyses of the relative 
contribution of encouragement from various role models to pursue PSME majors to men's persistence 
in these majors. A major question of interest is whether it is personal (family, friends) or professional 
(faculty, classmates, individuals employed in PSME disciplines) role models who provide critical 
encouragement to pursue PSME majors for undergraduate men. 
This study suggests that perceptions of the environment in PSME classes could be a critical 
factor in women's persistence in PSME majors, while encouragement from role models may be more 
influential for men's persistence in these majors. Concerning the career development of women in 
nontraditional fields, it seems that future studies could better clarify those aspects of classroom 
environment that contribute to persistence in PSME majors. A major question of interest is the 
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relative extent to which factors related to perceptions of professors versus factors related to 
perceptions of other students in PSME classes contribute to women's persistence in PSME majors. 
Findings from the current study regarding similar ratings of interdependent self-construal for 
women and men in PSME majors raise questions about how the self-construals of women and men 
who are pursuing nontraditional fields of study may differ from the self-construals of women and men 
who choose to pursue more traditional fields of study. It seems quite possible that individuals select 
fields of study to pursue that are most consistent with their perception of their identities, congruent 
with person-environment fit and current social cognitive theories of career development. Clearly, 
further research in the area of self-construal and career-related behavior is needed to find answers to 
these questions. 
Finally, analyses in this study revealed that, although persisters and nonpersisters received a 
similar amount and frequency of advising from their PSME professors, nonpersisters in the current 
study preferred a higher frequency of advising activities with their professors in PSME than did 
persisters. One direction for future research, then, would be to explore whether it is not the actual 
amount or frequency of advising activities received from PSME professors that predicts persistence in 
these majors, but the discrepancy between a student's preferred versus received amount and 
frequency of advising activities that may predict persistence in PSME majors. Some support for this 
supposition comes from the fact that, in the current sample, persisters were more satisfied with the 
advising they had received than were nonpersisters, suggesting that preferred and received advising 
activities were less discrepant for persisters than for nonpersisters. 
Unique Contributions of the Study 
A main focus of this study was to more fully explicate the types of experiences that might 
constitute "favorable social-persuasory communications" theorized by Lent et al. (1994) to influence 
career-related self-efficacy and persistence. Findings from the current study indicate that for women, 
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interactions with and perceptions of one's peers in a field of study may carry more weight than 
interactions with and perceptions of one's superiors in that field. 
The present study represented a first attempt at applying the self-in relation model of identity 
development to the career development of both women and men in nontraditional fields, and, in that 
way, makes a unique contribution to the literature regarding career development in nontraditional 
fields. Although the findings of this study do not support a strong link between advising experiences 
with PSME faculty and self-efficacy and persistence in PSME majors, the finding that perceptions of 
classroom affiliation in PSME courses contributed significantly to the prediction of persistence for 
women in these majors does provide support for the idea that relationship factors may influence 
women's career development, and that a cooperative learning environment may facilitate women's 
persistence in PSME majors. These results appear consistent with the self-in-relation model of 
identity development as applied to career-related behavior for women. 
Applied Interventions 
Findings from the present study suggest several interventions that may facilitate students' 
retention in PSME majors. Interventions designed to increase the persistence of women in these 
majors are particularly important, given the continued underrepresentation of women in PSME 
disciplines. 
Given the link demonstrated in this study between higher-level career aspirations and math 
and science self-efficacy, it seems that interventions aimed at increasing the level of career aspirations 
of students in PSME majors is important. Increased levels of career aspirations in PSME occupations 
could be facilitated by exposing students to career information for jobs at all levels of employment in 
PSME disciplines, particularly management and supervisory positions within those fields. One 
avenue for increasing students' sense of mastery for skills required for higher-level positions within 
nontraditional fields would be to incorporate management and leadership roles into classroom 
experiences and coursework. In lab work, students could be assigned roles, such as "project 
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coordinator," and this assignment could be rotated amongst each student in the group across different 
lab projects. Similarly, in small-group projects, students could variously be assigned the role of 
"supervisor" or "manager" and given expectations for this role in completion of the project. This 
would give students first-hand experience in leadership positions in their field. 
Regarding this study's finding that perceptions of classroom affiliation may increase the odds 
that female students will persist in PSME majors, attendance to cooperative learning models in PSME 
classrooms appears critical. A main indicator of a high degree of classroom affiliation is a 
cooperative class environment. Given that many, especially introductory, courses in PSME are large 
in size, efforts should be made to encourage students to participate in small-group exercises and lab 
work in class, and to form study groups outside of class, so that a higher level of interaction and 
cooperation between students would be possible. Even in the context of the full lecture class, 
discussion of questions with neighbors in class before answering in the larger group would promote 
interaction among students. If possible, a seating arrangement that allows students to face each other 
would be encouraged. Additionally, establishing an email discussion list of students for course 
assignments and topics would likely encourage students to interact more with each other, if only over 
the internet. Finally, it is recommended that students be given opportunities to interact outside the 
classroom for informal discussion of class topics or to participate in activities related to course 
content. 
Given that results from the current study indicate that perceptions of a cooperative and 
friendly classroom environment increase the odds that women will persist in PSME majors, 
instructors could administer a brief measure of classroom affiliation, such as the one used in this 
study, early in the term to identify the overall level of perceived classroom affiliation for students in 
the class. If overall ratings of classroom affiliation are low, professors could increase efforts at 
establishing a cooperative learning environment by using the above suggested interventions. Also, in 
a counseling setting, should a woman present that she is considering dropping out of a nontraditional 
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major, career counselors could encourage her to increase her level of interaction with other students 
in her PSME courses, both in and outside of the classroom, with a goal of increasing her perceived 
level of classroom affiliation in her courses. 
Taking into account this study's findings regarding the importance of encouragement from 
role models to pursue PSME majors for men's persistence in these fields, it is also recommended that 
interventions be aimed at increasing all students' access to a diverse range of potential role models. 
The present study's results indicate that it is more than just exposure to role models that may facilitate 
increased rates of persistence in nontraditional majors, but encouragement from these role models. 
This suggests that at least a cursory level of interaction between student and role model must occur 
for encouragement, or discouragement, to be imparted from the role model to the student. Professors 
in PSME courses are clearly one group of potential role models who, by increasing their direct 
encouragement of students' pursuits, may effect increased retention in nontraditional majors. 
Similarly, guests from the world of PSME occupations who are invited to speak to classes could be 
informed of the importance of encouragement from role models, and asked to incorporate 
encouraging remarks into their presentations. Interventions aimed at helping students identify and 
seek out active and supportive mentors for their pursuit of degrees in PSME disciplines would be 
recommended. In a counseling setting, should a man present that he is considering dropping out of a 
PSME major, career counselors could make assignments for such a client to schedule appointments 
with professors or someone employed in a PSME discipline to discuss their concerns and ask for 
input, with a goal toward increasing the likelihood that the student will receive encouragement from 
those sources. 
Conclusions 
Several factors have been identified that may contribute to the underrepresentation of women 
in traditionally male fields, all of which merit study. As a test of the application of the self-in-relation 
model of identity development to career development, the current study examined the contribution 
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relationship factors such as advising experiences with faculty and classroom social environment may 
make to the prediction of persistence in the physical sciences, mathematics, and engineering at the 
undergraduate level for both women and men. Although findings did not reflect a strong link 
between advising experiences and persistence in nontraditional majors, this study did find evidence 
suggesting that relationship factors may play an important role in women's persistence in the physical 
sciences, mathematics, and engineering. These results appear consistent with the self-in-relation 
model of identity development as applied to career-related behavior. 
The present study suggests several directions for future research and has implications for 
applied interventions. Future research would ideally incorporate experimental or longitudinal designs 
with students from diverse backgrounds attending various types of institutions of higher learning to 
further clarify the nature of the associations between relationship factors and persistence in 
nontraditional fields. Although costs associated with such research endeavors are high, the costs 
associated with the chronic underrepresentation of women in these fields that are paid by society, the 
practice of science, and women themselves, are much higher. Suggested interventions for increasing 
rates of persistence in the physical sciences, math, and engineering include increasing students' level 
of career aspirations for these fields, increasing perceived classroom affiliation amongst students in 
these majors, and facilitating encouragement from role models to pursue degrees in these disciplines. 
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APPENDIX A. DEMOGRAPHIC ITEMS 
Please provide the following information about yourself. This information will be used only to assess for differences among 
groups of people and to report characteristics of the final sample of respondents. It will in no way be used to identify you 
individually. 
Age: 
Gender (please circle) 
1. Male 2. Female 
Ethnicity: (please circle) 
1. Caucasian American 4. Hispanic, Latino(a), or Chicano(a) American 
2. Asian American 5. Native American 
3. African American 6. Other (please specify 
Year in School: (please circle) 
1. Freshman 4. Senior 
2. Sophomore 5. Fifth-year senior or beyond 
3. Junior 
Number of college credits you have earned: 
Major you declared upon enrolling at Iowa State: 
Current academic major: 
Academic major in which you anticipate earning a Bachelor's degree: 
Occupation you are pursuing: 
Approximately how many years do you plan to work in the occupation you are pursuing? 
What is the highest level of education you plan to attain? (please circle) 
1. Some college 3. Master's degree 
2. Bachelor's degree 4. Doctoral degree or Professional degree (e.g., Law, Medicine, etc.) 
Please place an "X" in each column below to indicate the highest level of education attained by these relatives of yours. 
Sibling with the 
Father Mother most education 
1. Less than high school 
2. High school 
3. Technical or Vocational school _______ 
4. Bachelor's degree _____________ 
5. Master's degree 
6. Doctoral degree or Professional degree 
Father's occupation: 
Mother's occupation: 
95 
Are you currently married? 
1. No 2. Yes 
If you are not married, do you plan to marry at some point: 
1. No 2. Yes (please specify approximate age at which you might marry ) 
Do you currently have children? 
1. No 2. Yes (please specify number of children ) 
If you do not currently have children but plan to in the future, please indicate the following: 
1. Approximate age at which you anticipate having the first child 
2. Number of children you anticipate having 
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APPENDIX B. ACADEMIC ADVISING INVENTORY 
University professors fill many roles, one of which is advising their students. This advising can be formal or informal, 
and may involve discussions with students on a wide variety of topics such as course requirements and career 
opportunities. This inventory concerns the type of academic and career advising experiences you have had with your 
professors in the physical sciences, mathematics or engineering. Think back to the interactions you have had with 
your professors in these majors. In responding to these statements, please do not include interactions you have had 
with a departmental professional advisor. Only respond in terms of interactions you have had with your professors in 
the physical sciences, mathematics or engineering. Even if you have received advising from more than one professor, 
please respond to the statements in terms of your overall experiences. 
PARTI 
There are 14 pairs of statements in Part I. You must make two decisions about each pair in order to respond: 
1) decide which one of the two statements most accurately describes the advising you have experienced with your 
professors in the physical sciences, mathematics or engineering; 
2) then decide how accurate or true that statement is, from "very true" to "slightly true" according to the following 
scale: 
Statement A QR Statement B 
Very True Slightly True 
A B C D 
Slightly True Very True 
E F G H 
EXAMPLE 
85. My professors have planned my schedule 
for me. QR 
My professors and I planned my schedule 
together. 
A B C D E I F I G H 
Explanation: The student has chosen the statement on the right as more descriptive of his/her advising experiences 
with professors, and determined that the statement is toward the slightly true end (response F). 
Part I begins on the next page. 
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Statement A OR Statement B 
Very True Slightly True Slightly True Very True 
A B C D  E F G H 
1. My professors have helped me to learn 
how to find out about university courses 
for myself. 
A B C D 
2. My professors have helped me to learn 
how to find out about university programs 
for myself. 
A B C D 
3. My professors and I have talked about 
career opportunities. 
A B C D 
4. My professors have been interested in my 
out-of-class activities and have 
sometimes suggested activities. 
A B C D 
5. My professors have assisted me in 
identifying realistic academic goals based 
on what I know about myself, as well as 
on my test scores and grades. 
A B C D 
6. My professors have told me which 
graduate or professional school would be 
best for me. 
A B C D 
7. When I was faced with difficult 
decisions, my professors have told me 
what my alternatives were, and which one 
was the best choice. 
A B C D 
8. My professors have not known who to 
contact about non-academic problems. 
A B C D 
My professors have told me what I 
OR needed to know about university courses. 
E F G H 
My professors have told me what I 
OR needed to know about university 
programs. 
E F G H 
My professors and I have not talked about 
OR career opportunities. 
E F G H 
My professors do not know what I do 
OR outside of class. 
E F G H 
My professors have identified realistic 
OR academic goals for me based on my test 
scores and grades. 
E F G H 
My professors have suggested important 
QR considerations in choosing a graduate or 
professional school that would be best for 
me. 
E F G H 
When I was faced with difficult 
OR decisions, my professors have assisted me 
in identifying alternatives, and in 
considering the consequences of each 
choice. 
E F G H 
My professors have known who to 
OR contact about non-academic problems. 
E F G H 
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Statement A OR Statement B 
Very True Slightly True Slightly True Very True 
A B C D  E F G H 
9. My professors have given me tips on 
managing my time better or on studying 
more effectively when I seemed to need 
it. 
A B C D 
10. My professors have told me what I 
needed to do to complete my degree 
requirements. 
A B C D 
11. My professors have kept me informed of 
my academic progress by examining my 
test scores and grades only. 
A B C D 
12. My professors have used my test scores 
and grades to know what careers or 
vocations are most appropriate for me. 
A B C D 
13. My professors have talked with me about 
my general interests and plans. 
A B C D 
14. My professors have given me emotional 
support and encouragement when I 
seemed to need it. 
A B C D 
My professors did not spend time giving 
OR me tips on managing my time better or on 
studying more effectively. 
E F G H 
My professors and I have discussed what 
OR i could do to complete my degree 
requirements. 
E F G H 
My professors have kept me informed of 
OR my academic progress by examining my 
test scores and grades, and by talking to 
me about my classes. 
E F G H 
My professors and I have used 
OR information such as test scores, grades, 
interests, and abilities, to determine what 
careers or vocations are most appropriate 
forme. 
E F G H 
My professors have not talked with me 
OR about my general interests and plans. 
E F G H 
My professors have not given me 
QR emotional support and encouragement. 
E F G H 
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PART II 
Consider the following topics and issues that may or may not be discussed with a professor. Looking back over your 
years in the university, how often did you and your professors in the physical sciences, mathematics, or engineering 
discuss the issues and topics listed below. Please respond to each statement using the following rating scale: 
Almost Never Rarely Sometimes Often Almost Always 
A B C D E 
15. Research issues in the field A B C D E 
16. Academic progress (e.g., grades, tests, assignments) A B C D E 
17. Career goals A B C D E 
18. Purposes of a university education A B C D E 
19. Experiences in different university classes A B C D E 
20. Personal values A B C D E 
21. Preparation for graduate/professional school (e.g., skills, grades) A B C D E 
22. University policies and procedures (e.g., registration, course A B C D E 
selection) 
23. Career options and alternatives A B C D E 
24. Career preparation A B C D E 
25. Program and degree requirements A B C D E 
26. Letters of recommendation (e.g., for scholarships, graduate A B C D E 
school) 
27. Financial aid (e.g., students loans, scholarships) A B C D E 
28. Study skills or study tips A B C D E 
29. Time management skills A B C D E 
30. Important social or political issues A B C D E 
31. Academic skills (e.g., writing, math) A B C D E 
32. Possible majors at the university A B C D E 
33. General interests and extracurricular activities A B C D E 
34. Personal concerns or problems (e.g., relationships, health) A B C D E 
35. Academic goals A B C D E 
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PART m 
Part m of this inventory concerns how you view the IDEAL faculty advisor. As you did for Part I, you are to choose 
one statement from each pair that best describes, in your opinion, the IDEAL faculty/professorial advisor (that is, what 
kind of advising you would like to receive from your professors). Then determine how important that characteristic is 
to you in an IDEAL faculty advisor, from "very important" to "slightly important," according to the following scale: 
Statement A OR Statement B 
Very Slightly Slightly Very 
Important Important Important Important 
A B C D E F G H 
36. My professor helps me to learn how to 
find out about university courses for 
myself. 
A B C D 
37. My professor helps me to learn how to 
find out about university programs for 
myself. 
A B C D 
38. My professor and I talk about career 
opportunities. 
A B C D 
39. My professor shows an interest in my 
out-of-class activities and sometimes 
suggests activities. 
A B C D 
40. My professor assists me in identifying 
realistic academic goals based on what I 
know about myself, as well as on my test 
scores and grades. 
A B C D 
41. My professor tells me which graduate or 
professional school is best for me. 
A B C D 
42. When I am faced with difficult decisions, 
my professor tells me what my 
alternatives are, and which one is the best 
choice. 
A B C D 
My professor tells me what I need to 
OR know about university courses. 
E F G H 
My professor tells me what I need to 
OR know about university programs. 
E F G H 
My professor and I do not talk about 
OR career opportunities. 
E F G H 
My professor does not know what I do 
OR outside of class. 
E F G H 
My professor identifies realistic academic 
OR goals for me based on my test scores and 
grades. 
E F G H 
My professor suggests important 
OR considerations in choosing a graduate or 
professional school that is best for me. 
E F G H 
When I am faced with difficult decisions, 
OR my professor assists me in identifying 
alternatives, and in considering the 
consequences of each choice. 
E F G H 
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Statement A OR Statement B 
Very Slightly Slightly Very 
Important Important Important Important 
A B C D E F G H 
43. My professor does not know who to 
contact about non-academic problems. 
A B C D 
44. My professor gives me tips on managing 
my time better or on studying more 
effectively when I seem to need it. 
A B C D 
45. My professor tells me what I need to do 
to complete my degree requirements. 
A B C D 
46. My professor keeps me informed of my 
academic progress by examining my test 
scores and grades only. 
A B C D 
47. My professor uses my test scores and 
grades to know what careers or vocations 
are most appropriate for me. 
A B C D 
48. My professor talks with me about my 
general interests and plans. 
A B C D 
49. My professor gives me emotional support 
and encouragement when I seem to need 
it. 
A B C D 
My professor knows who to contact about 
OR non-academic problems. 
E F G H 
My professor does not spend time giving 
OR me tips on managing my time better or on 
studying more effectively. 
E F G H 
My professor and I discuss what I could 
QR do to complete my degree requirements. 
E F G H 
My professor keeps me informed of my 
QE academic progress by examining my test 
scores and grades, and by talking to me 
about my classes. 
E F G H 
My professor and I use information such 
OR as test scores, grades, interests, and 
abilities, to determine what careers or 
vocations are most appropriate for me. 
E F G H 
My professor does not talk with me about 
OR my general interests and plans. 
E F G H 
My professor does not give me emotional 
OR support and encouragement. 
E F G H 
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PART IV 
Part IV of this inventory concerns how you view the IDEAL faculty advisor. As you did in Part H, consider the 
following topics and issues that may or may not be discussed with a professor. How often, in your opinion, should the 
IDEAL faculty advisor discuss the issues and topics listed below with a student. Please respond to each statement 
using the following scale: 
Almost Never Rarely Sometimes Often Almost Always 
a b o d e  
50. Research issues in the field A B C D E 
51. Academic progress (e.g., grades, tests, assignments) A B C D E 
52. Career goals A B C D E 
53. Purposes of a university education A B C D E 
54. Experiences in different university classes A B C D E 
55. Personal values A B C D E 
56. Preparation for graduate/professional school (e.g., skills, grades) A B C D E 
57. University policies and procedures (e.g., registration, course A B C D E 
selection) 
58. Career options and alternatives A B C D E 
59. Career preparation A B C D E 
60. Program and degree requirements A B C D E 
61. Letters of recommendation (e.g., for scholarships, graduate A B C D E 
school) 
62. Financial aid (e.g., students loans, scholarships) A B C D E 
63. Study skills or study tips A B C D E 
64. Time management skills A B C D E 
65. Important social or political issues A B C D E 
66. Academic skills (e.g., writing, math) A B C D E 
67. Possible majors at the university A B C D E 
68. General interests and extracurricular activities A B C D E 
69. Personal concerns or problems (e.g., relationships, health) A B C D E 
70. Academic goals A B C D E 
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PART V 
Considering the academic and career advising that you have received from your professors in the physical sciences, 
mathematics or engineering throughout your university years, respond to the statements below using the following 
scale: 
Strongly Disagree Neither Agree Strongly 
Disagree Agree 
a b o d e  
71. 1 am satisfied with the academic advising that I have received A B C D E 
from my professors. 
72. I am satisfied with the career advising that I have received from A B C D E 
my professors. 
73. I received accurate information about university courses, A B C D E 
programs, and degree requirements from my professors. 
74. I received accurate information about careers from my professors. A B C D E 
75. On average, how many times in an academic year did you have a meeting with one of your professors in the 
physical sciences, mathematics or engineering to discuss academic or career-related issues? 
times/year 
76. On average, how much time did you spend in each meeting with a professor in the physical sciences, mathematics 
or engineering? (please circle) 
Less than l/i an hour = A 
x/i an hour to 1 hour = B 
1 hour to 1 '/i hours = C 
1 '/i hours to 2 hours = D 
More than 2 hours = E 
77. Did you have an assigned faculty advisor in your physical science, mathematics or engineering major? 
1. No 2. Yes 
78. Did you participate in the Women in Science and Engineering Living and Learning Environment experience at 
Iowa State University? 1. No 2. Yes 
79. Are you now participating in the Women in Science and Engineering Living and Learning Environment 
experience? 1. No 2. Yes 
80. During your years at the university, have you had any negative experiences with professors in the physical 
sciences, mathematics or engineering? 1. No 2. Yes 
If so, please describe the negative experience(s) to the extent you feel comfortable in the space below. 
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APPENDIX C. CLASSROOM SOCIAL ENVIRONMENT: 
PROFESSORIAL CONCERN AND AFFILIATION SCALES 
Please indicate how frequently each of the following statements are/were true of your classes in the physical 
sciences, mathematics or engineering. Consider your responses carefully; respond as you honestly perceive the 
classes, not as you wish they were. Do not spend a great deal of time pondering any particular statement. Use 
the S-point scale below, with "1" indicating "never or almost never true" and "5" indicating "always or almost 
always true." 
Never or Almost 
Never True 
1 
Seldom True 
2 
Occasionally 
True 
1. The professor is willing to assist students outside of class. 
2. The professor tries to let the class know her or him as a person. 
3. The professor recognizes students by name outside of class. 
4. The professor shows a genuine interest in students' 
performance. 
5. The professor spends time talking informally with students 
before and/or after class. 
6. Students feel comfortable approaching the professor with 
problems they are having with the class. 
7. Students' ideas and opinions are appreciated. 
8. The professor goes out of her or his way to help students who 
request it. 
9. The professor seems to be understanding about students' 
personal problems and concerns. 
10. The professor shows respect for students' opinions and points 
of view. 
11. Students are encouraged to visit the professor in his or her 
office. 
12. There are opportunities to contribute in class. 
13. There are people in class with whom I would like to be friends. 
14. Students often help each other with assignments or in 
understanding difficult material. 
15. Relationships established among students in class carry over 
outside of the classroom. 
16. Students work together on assignments and projects for class. 
17. Students in class have gotten to know each other well. 
18. Students in class treat each other as mature adults. 
Often True 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Always or Almost 
Always True 
5 
4 5 
4 5 
4 5 
4 5 
4 5 
2 3 4 5 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
4 
4 
5 
5 
5 
5 
5 
5 
2 3 4 5 
4 
4 
4 
5 
5 
5 
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APPENDIX D. RELATIONAL-INTERDEPENDENT SELF-CONSTRUAL SCALE 
Please indicate the degree to which you agree with the following statements. Use the scale below, with "1" indicating "Strongly 
Disagree" and "7" indicating "Strongly Agree." 
Strongly Disagree Strongly Agree 
1 2 3 4 5 6 7 
1. My close relationships are an important reflection of who I am. 1 2 3 4 5 6 7 
2. When I feel very close to someone, it often feels to me like that person is 1 2 3 4 5 6 7 
an important part of who I am. 
3. 1 usually feel a strong sense of pride when someone close to me has an I 2 3 4 5 6 7 
important accomplishment. 
4. I think one of the most important parts of who I am can be captured by 1 2 3 4 5 6 7 
looking at my close friends and understanding who they are. 
5. When I think of myself, I often think of my close friends or family also. 1 2 3 4 5 6 7 
6. If a person insults someone close to me, I feel personally insulted as well. 1 2 3 4 5 6 7 
7. In general, my close relationships are an important part of my self-image. 1 2 3 4 5 6 7 
8. Overall, my close relationships have very little to do with how I feel about 1 2 3 4 5 6 7 
myself. 
9. My close relationships are unimportant to my sense of what kind of person 1 2 3 4 5 6 7 
I am. 
10. My sense of pride comes from knowing who I have as close friends. 1 2 3 4 5 6 7 
11. When I establish a close friendship with someone, I usually develop a 1 2 3 4 5 6 7 
strong sense of identification with that person. 
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APPENDIX E. MEASURE OF MATH AND SCIENCE SELF-EFFICACY 
Please rate your confidence in your ability to complete the following courses with a grade of "B" or belter. Use the 10-point 
scale below, with higher numbers representing increasingly greater levels of confidence. 
No Confidence 
At All 
1 2 3 
Advanced Calculus 
Computer Science 
Business Administration 
Biochemistry 
Calculus 
Zoology 
Accounting 
Geometry 
Algebra I 
Algebra II 
Philosophy 
Basic College Math 
Statistics 
Physiology 
Trigonometry 
4 5 6 7 
Complete 
Confidence 
8 9 10 
Economics 
Topology 
Complex Variables 
Multivariate Calculus 
Numerical Solutions 
Differential Equations 
Linear Algebra 
Abstract Algebra 
Real Analysis 
Theory of Matrices 
Graphs and Networks 
Combinatorics 
Modern Physics 
Classical Physics 
Please rate your confidence in your ability to successfully complete the education and/or training required to enter each of the 
occupations listed below, assuming you were motivated to make your best effort. 
No Confidence 
At AU 
1 2 
Complete 
Confidence 
10 
Aerospace Engineer 
Agricultural Engineer 
Architect 
Landscape Architect 
Astronomer 
Chemical Engineer 
Chemist 
Statistician 
Civil Engineer 
Computer Scientist 
Electrical Engineer 
Geologist 
Mathematician 
Mechanical Engineer 
Physicist 
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APPENDIX F. INFLUENCE OF ROLE MODEL SCALE 
Please rate the degree to which each of the following people has been influential in your decision to msjor in and slay in the 
physical sciences, mathematics or engineering. A person would have a "negative influence" if he/she discouraged you in some 
way from pursuing or staying in the physical sciences, mathematics or engineering. A person would have a "positive influence if 
he/she encouraged you in some way to pursue or stay in the physical sciences, mathematics or engineering. A person would have 
a "neutral influence" if he/she neither encouraged nor discouraged you from pursuing or staying in the physical sciences, 
mathematics or engineering. If an item does not seem to apply to you, please circle "N/A." 
Influence Not 
Negative Neutral Positive Applicable 
1. Mother -2 -1 0 1 2 3 N/A 
2. Father -2 -I 0 1 2 3 N/A 
3. Sister(s) -2 - I 0 1 2 3 N/A 
4. Brother(s) -2 -1 0 I 2 3 N/A 
5. Female math, science, or engineering teachers) -2 -1 0 1 2 3 N/A 
6. Male math, science, or engineering tcacher(s) -2 -1 0 1 2 3 N/A 
7. Other female teacher(s) -2 - I 0 1 2 3 N/A 
8. Other male teacher(s) -2 -1 0 1 2 3 N/A 
9. Female friend(s) -2 -1 0 I 2 3 N/A 
10. Male friends(s) -3 -2 -1 0 1 2 3 N/A 
11. Female adult(s) (aunt, grandmother, family -3 -2 -1 0 1 2 3 N/A 
friend, etc.) 
12. Male adult(s) (uncle, grandfather, family friend. 3 -2 -1 0 I 2 3 N/A 
etc.) 
13. Woman/women employed in math, science, or -3 -2 - I 0 1 2 3 N/A 
engineering 
14. Man/men employed in math, science, or -3 -2 -1 0 1 2 3 N/A 
engineering 
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APPENDIX G. ATTITUDES TOWARD THE COMPATIBILITY OF SCIENCE CAREERS WITH MARRIAGE 
AND FAMILY RESPONSIBILITIES SCALE 
Please rate your agreement with each of the following statements by circling the appropriate number to the right 
Strongly 
Agree 
1. It is very difficult for a woman to combine a career as a scientist with a 
family life. 
2. If a woman scientist or engineer takes time away from her career to have 
children, she will never catch up again. 
3. A woman who is really dedicated to a career in science or engineering 
would not be able to devote much time or energy to her family. 
4. Both women and men can find the time they need for the concentrated 
work that a career in science or engineering requires, even if they are 
involved in an intimate relationship. 
5. A woman who is considering a career as a scientist or engineer should 
probably plan not to have children. 
6. For women, there is nothing incompatible about planning both a family 
and a top-level scientific or engineering career. 
7. Most women who are scientists or engineers find that, with a little 
ingenuity and support, they can happily combine their career with 
having a family. 
Strongly 
Disagree 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
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APPENDIX H. CAREER ASPIRATION SCALE 
Please circle the number which best represents your perception of yourself and your plans for the future. Please be completely 
honest. Your answers are entirely confidential and will be useful only if they accurately describe you. 
Not at all Very true 
true of me of me 
1. I hope to become a leader in my career field. 
2. When I am established in my career, I would like to manage other 
employees. 
3. I would be satisfied just doing my job in a career I am interested in. 
4. I do not plan on devoting energy to getting promoted in the organization 
or business I am working in. 
5. When I am established in my career, I would like to train others. 
6. I hope to move up through any organization or business I work in. 
7. Once I finish the basic level of education needed for a particular job, I 
see no need to continue in school. 
8. I plan on developing as an expert in my career field. 
9. I think I would like to pursue graduate training in my occupational area 
of interest. 
10. Attaining leadership status in my career is not that important to me. 
11.1 definitely plan to attend graduate school, law school, or medical 
school. 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 
2 
2 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
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APPENDIX I. INITIAL LETTER OF SOLICITATION 
Dear Iowa State University Student, 
Your name and address were provided to me by the Registrar's office at Iowa State University based on records indicating that you 
have at some point been enrolled in the physical sciences, math, or engineering at Iowa State. As a student who has been enrolled in 
the physical sciences, math or engineering at ISU, you are among a very select group of people. Your experiences may be 
somewhat different from those of students in other majors, and I am very interested in your perceptions of majors and careers in the 
physical sciences, math and engineering because you may be able to provide insight that will help facilitate other students' entrance 
into and persistence in these fields. 
You have been selected to take part in a research study at Iowa State University. I am collecting information about factors that may 
influence peoples' choices about whether to pursue and persist in majors and occupations in technical fields. The information you 
provide will add a valuable component to our knowledge of how students make educational and occupational decisions, which will 
help guide future programs designed to meet students' needs. By completing the survey, you also may benefit by gaining a better 
understanding of your own experiences, values and beliefs, and how those factors influence your vocational choices. 
I know that your time is valuable, and to thank you for participating in this study, I would like to enter your name in a drawing that 
will be held on May 3,2000. From the questionnaires that have been completed and returned to me prior to May 1,2000,1 will 
randomly select three names, and those individuals will win $100.00 prizes. Only those individuals who complete and return the 
survey will be included in the drawing. Your odds of winning will be approximately 1 in 130. You will be notified by mail, email, 
or phone if you have won one of the three $100.00 prizes. You should receive notification between May 3 and May 15,2000. 
Your participation in this project is completely voluntary. You can decline to participate without negative consequences or costs to 
you. Your decision to participate is a private matter, and no one other than the investigators will know about it. If you decide not to 
be involved, just check "No" on the enclosed Consent Form and send it back to the address listed. Should you choose to participate, 
your identity will be kept confidential. You will be asked to complete the survey online using the directions below. You will notice 
that your name and social security number are requested only on the Consent Form. Note also that there is a three-digit code that 
appears on the consent form. This three-digit code is requested when you complete the questionnaire online, and it is the only 
identifier that will be associated with your responses. You are also asked to enter your email address when you complete the 
questionnaire online. After you complete your survey, the Consent Form will be kept in a separate location from your responses to 
the questionnaire, and your email address will be separated from your responses to the survey. Thus, your responses on the 
questionnaire will not be able to be linked to you by anyone but me. 
I need to be able to link your 3-digit code to your name and social security number because I would like to be able to obtain, with 
your permission, your ACT/SAT scores and grade point average from the Registrar's records. Your ACT/SAT scores and grade 
point average are needed to help me understand your academic background. Your name and social security number will be removed 
from ACT/SAT and grade reports as soon as they are received, leaving only the 3-digit code attached to your data in order to ensure 
confidentiality. Only group data will be reported and analyzed, and information on individuals will not be provided to anyone. 
To participate in the study, follow the instructions on the following page to complete the survey online. The questionnaire will take 
approximately 25 minutes for you to complete. When you finish, please make sure you have signed the Consent Form and send 
it back to me in the postage-paid envelope. 
Please feel free to call or email me at if you have any questions about the study, the survey, or the cash prize (503-520-1104, 
jendooley75@hotmail.com). You may also contact my advisor. Dr. Douglas Epperson, with any questions (515-294-2047, 
dle@iastate.edu). Thank you for considering participating in this important study. I look forward to learning more about your 
experiences and perceptions. 
Sincerely, 
Jennifer A. Dooley, M S. 
jendoolev75 @ hotmail .com 
Douglas L. Epperson, PhD. 
dle@iastate.edu 
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APPENDIX J. CONSENT FORM 
CONSENT FORM 
1999 SME Study 
Please indicate whether you are willing to participate in this study under the conditions described in the cover letter by 
placing an "X" next to one of the options and signing below. 
Yes, I am willing to participate in the study under the conditions described in the cover letter. 
No, I do not wish to participate in the study. You can decline to participate without negative consequences or 
costs to you. (If you select this option, please return this form in the envelope provided so that I will know that I 
should not try to contact you again for participation in this study.) 
Signature Date 
**************************************** 
In the event that you and another participant share the same name, I would like to be able to verify your identity using 
your social security number as provided by the Iowa State University Registrar's Office. Additionally, in order to 
understand more about you and your experiences, I would like to be able to obtain your ACT and/or SAT scores and 
grade point average from the ISU Registrar's Office. If you would permit this, please check the appropriate box and 
sign below. Your ACT and/or SAT scores and GPA are an important part of this data set. Please remember that your 
name and social security number will be removed from the scores as soon as they are received, and all information in 
this study will be completely confidential. 
Yes, you have permission to obtain my ACT and/or SAT scores and grade point average from the Registrar's 
Office. 
No, you do not have permission to obtain my ACT and/or SAT scores and grade point average from the 
Registrar's Office. 
Signature Social Security #: Date 
**************************************** 
Please indicate whether or not I may enter your name in the drawing for one of three $ 100.00 prizes to be awarded 
between May 3 and May 15,2000. Only those individuals who complete and return the survey by May 1,2000 will be 
included in the drawing. 
Yes, please enter my name in the drawing when I complete the survey. 
In order to ensure that we will be able to notify you should you be selected as a winner, please provide us with 
your mailing address, email address, and phone number. 
Mailing address: Email address: 
Phone number: 
No, please do not enter my name in the drawing. 
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APPENDIX K. INSTRUCTIONS TO COMPLETE ELECTRONIC VERSION 
OF QUESTIONNAIRE ON WORLD WIDE WEB 
INSTRUCTIONS FOR COMPLETING "1999 SME STUDY" ON THE WORLD WIDE WEB 
To participate in the study, please follow these instructions to complete the survey online: 
1. Use a web browser to go to the following URL: http://classnetcc.iastate.edu/ 
2. Choose "ClassNet Main Menu" 
3. Choose "Join a ClassNet class" 
4. Select "1999 SME Study" 
5. In the First Name field enter the word "Student" 
6. In the Last Name field enter the 3-digit code that appears in the upper-right corner of your Consent Form. 
Enter the 3-digit code exactly as it appears on your Consent Form, e.g., "056". 
7. Enter and verify a password of your choice. My password: 
8. Enter your email address 
9. Click the Enroll button. You will be returned to the Main Menu 
10. On the Main Menu, select "1999 SME Study" and click the Login button 
11. Select your 3-digit code (followed by "Student") from the list provided, and enter the password you chose 
in step 7 
12. Click the Menu button 
13. Select "Survey" from the list of Assignments and click the Complete button 
14. Complete the survey, responding to questions as instructed 
15. When finished, make sure to click the Submit button. Please only complete the survey once. 
When you finish, please make sure you have signed the Consent Form and mail it back to me in the postage-
paid envelope. Thank you! 
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APPENDIX L. POSTCARD REMINDER 
Dear Student 
Just a reminder... 
About two weeks ago, you should have received an invitation to complete an online survey 
asking you some questions about yourself, your beliefs, and your experiences in the physical 
sciences, math and engineering. If you have already completed the survey, we thank you. If 
you have not, we ask you once again to please consider participating in this study by 
completing the online survey. Your input is critical to the success of this study. Remember 
that surveys completed by May 1, 2000 are eligible to be included in the drawing for one of 
three $100.00 prizes to be awarded between May 3 and May 15,2000. If you have lost the 
original cover letter, consent form, and/or instructions to complete the survey online, or if you 
have any questions regarding the study, please feel free to call me at (503)520-1104 or my 
advisor, Dr. Douglas Epperson, Ph.D., at (515)294-0283. Similarly, let us know if you prefer 
to not participate and have no further contact. 
Thank you! 
Jennifer A. Dooley, M.S. 
Department of Psychology 
Iowa State University 
iendoolev? 5 @ hotmai 1 .com 
Douglas L. Epperson, Ph.D. 
Department of Psychology 
Iowa State University 
dle@iastate.edu 
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APPENDIX M. FOLLOW-UP LETTER 
Dear Iowa State University Student, 
About a month ago I sent you an invitation to complete a survey asking you some questions about you and your experiences in the 
physical sciences, math and engineering. As a student who has at some point been enrolled in the physical sciences, math or 
engineering, you are in the unique position of being able to provide insight that will help facilitate other students' entrance into and 
persistence in these fields that are very competitive. Your input is extremely critical to the success of this study. By participating in 
the study, you also may benefit by gaining a better understanding of your own experiences, values and beliefs, and how those factors 
influence your vocational choices. 
I have not yet received a completed survey from you. I am uncertain, however, about your desire to participate in the study. If you 
have decided not to participate, please simply ignore this letter. If you did not receive the initial invitation to participate in the study 
but would like to participate, I am enclosing a questionnaire for you to complete and return in the postage-paid envelope. 
I know that your time is valuable, and to thank you for participating in this study, I would like to enter your name in a drawing that 
will be held on May 3,2000. From the questionnaires that have been completed and returned to me by May 1,2000,1 will randomly 
select three names, and those individuals will win $100.00 prizes. Only those individuals who complete and return the survey will 
be included in the drawing. Your odds of winning will be approximately 1 in 130. You will be notified by mail, email, or phone if 
you have won one of the three $100.00 prizes. You should receive notification between May 3 and May 15,2000. 
As before, your participation in this project is completely voluntary.. You can decline to participate without negative consequences 
or costs to you. Your decision to participate is a private matter, and no one other than the investigators will know about it. If you 
decide not to be involved, just check "No" on the enclosed Consent Form and send it back to the address listed. Should you choose 
to participate, your identity will be kept confidential. You will notice that your name and social security number are requested only 
on the Consent Form. Note also that there is a three-digit code that appears on the Consent Form. After you complete your survey, 
the Consent Form will be kept in a separate location from your responses to the questionnaire. Thus, your responses on the 
questionnaire will not be able to be linked to you by anyone but me. 
I need to be able to link your 3-digit code to your name and social security number because I would like to be able to obtain, with 
your permission, your ACT/SAT scores and grade point average from the Registrar's records. Your ACT/SAT scores and grade 
point average are needed to help me understand your academic background. Your name and social security number will be removed 
from ACT/SAT and grade reports as soon as they are received, leaving only the 3-digit code attached to your data in order to ensure 
confidentiality. Only group data will be reported and analyzed, and information on individuals will not be provided to anyone. 
The questionnaire will take approximately 25 minutes for you to complete. When you finish, please make sure you have signed 
the Consent Form and mail both the Consent Form and the completed questionnaire back to me in the postage-paid 
envelope. 
Please feel free to call or email me at if you have any questions about the study, the survey, or the cash prize (503-520-1104, 
jendooley75@hotmail.com). You may also contact my advisor, Dr. Douglas Epperson, with any questions (515-294-2047, 
dle@iastate.edu). Thank you for considering participating in this important study. I look forward to learning more about your 
experiences and perceptions. 
Sincerely, 
Jennifer A. Dooley, M.S. 
Department of Psychology 
Iowa State University 
iendoolev?5 @ hotmail .com 
Douglas L. Epperson, PhD. 
Department of Psychology 
Iowa State University 
dle@iastate.edu 
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